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 I. Introduction
Sur
vei
11a
nce
and
mon
ito
rin
g a
cti
vit
ies
are
con
duc
ted
in
eac
h o
f t
he
Gre
at
Lak
es
to
est
ab1
ish
the
deg
ree
to
whi
ch
jur
isd
ict
ion
a1
po1
1ut
ion
con
tro
1
req
uir
eme
nts
are
bei
ng
met
, t
o d
ete
rmi
ne
ach
iev
eme
nt
of
the
gen
era
1 a
nd
Spe
cif
ic
obj
ect
ive
s g
ive
n i
n A
rti
c1e
s I
II,
IV
and
Ann
ex
1 o
f t
he
197
8 G
rea
t
Lak
es
Wat
er
Qua
1it
y A
gre
eme
nt,
to
pro
vid
e i
nfo
rma
tio
n f
or
mea
sur
ing
1oc
a1
and
who
1e
1ak
e r
eSp
ons
e t
o c
ont
ro1
mea
sur
es
and
to
ide
nti
fy
eme
rgi
ng
pro
b1e
ms.
Spe
cif
ica
11y
,
the
se
are
the
req
uir
eme
nts
of
Ann
ex
11
of
the
Agr
eem
ent
.
The
Gre
at
Lak
es
Int
ern
ati
ona
1 S
urv
ei1
1an
ce
P1a
n (
GLI
SP)
has
bee
n t
he
"mo
de1
"
framework for providing this information.
The
Sur
vei
11a
nce
Wor
k G
rou
p n
ote
s t
hat
deS
pit
e s
ome
sho
rtc
omi
ngs
in
imp
1em
ent
ati
on
by
the
jur
isd
ict
ion
s,
GLI
SP
non
eth
e1e
ss
has
pro
vid
ed
a m
ech
an-
ism
for
acc
rui
ng
con
sid
era
b1e
com
pat
ib1
e i
nfo
rma
tio
n o
n t
he
env
iro
nme
nta
1
qua
1it
y o
f
the
Gre
at
Lak
es.
A
sub
sta
nti
a1
eff
ort
has
gon
e
int
o
sur
vei
11a
nce
and
mon
ito
rin
g a
cti
vit
ies
ove
r t
he
1as
t f
ive
yea
rs
and
muc
h m
ore
com
pat
ibI
e
and
usa
b1e
dat
a
now
exi
st
as
a r
esu
1t
of
thi
s
eff
ort
.
An
imp
ort
ant
fea
tur
e o
f t
he
GLI
SP
was
a 9
-ye
ar
cyc
1e
of
int
ens
ive
sur
vey
s
for
eac
h
of
the
1ak
es.
The
int
ens
ive
yea
rs
for
Lak
e M
ich
iga
n
wer
e
197
6/7
7,
Lak
e E
rie
197
8/7
9,
Lak
e
Hur
on
198
0,
Lak
e
Ont
ari
o
198
1/8
2 a
nd
for
Lak
e
Sup
eri
or
198
3.
The
fin
a1
rep
ort
for
Lak
e
Mic
hig
an
was
re1
eas
ed
in
198
0.
The
fin
a1
rep
ort
s f
or
the
int
ens
ive
sur
vey
s o
n L
ake
s E
rie
, H
uro
n
and
Ont
ari
o a
re
sti
11
in
var
iou
s
sta
ges
of
pre
par
ati
on.
Hig
hIi
ght
s
of
ava
i1a
b1e
dat
a h
ave
bee
n
in
co
rp
or
at
ed
in
to
as
se
ss
me
nt
s
of
th
e
en
vi
ro
nm
en
ta
1
qu
a1
it
y
of
th
es
e
1a
ke
s
in
Chapter 2 of this report.
Th
es
e
in
te
ns
iv
e
su
rv
ey
s
re
pr
es
en
t
th
e
mo
st
co
mp
re
he
ns
iv
e
su
rv
ei
11
an
ce
an
d
mo
ni
to
ri
ng
st
ud
ie
s
co
nd
uc
te
d
on
th
e
Gr
ea
t
La
ke
s
in
ov
er
a
de
ca
de
.
Mo
re
ov
er
,
su
rv
ei
11
an
ce
an
d
mo
ni
to
ri
ng
ac
ti
vi
ti
es
co
nd
uc
te
d
wi
th
in
th
e
GL
IS
P
fr
am
ew
or
k
ha
ve
pr
ov
id
ed
a
me
ch
an
is
m
to
de
te
ct
1o
ng
-t
er
m
tr
en
ds
in
th
e
1a
ke
s,
Sp
ec
if
ic
-
a1
1y
re
1a
ti
ng
to
pa
rt
ic
u1
ar
co
nt
ro
1
me
as
ur
es
(e
.g
.,
co
nt
ro
1
of
ph
OS
ph
or
us
,
PCBs, DDT, etc.).
In
ma
ny
wa
ys
,
19
83
is
a
1a
nd
ma
rk
ye
ar
fo
r
Gr
ea
t
La
ke
s
su
rv
ei
11
an
ce
ac
ti
vi
ti
es
.
Ia
ne
me
nt
at
io
n
of
th
e
La
ke
Su
pe
ri
or
st
ud
y
th
is
ye
ar
re
pr
es
en
ts
co
mp
1e
ti
on
of
th
e
in
te
ns
iv
e
1a
ke
-b
y-
1a
ke
ro
ta
ti
on
a1
cy
c1
e
or
ig
in
a1
1y
ou
t1
in
ed
in
th
e
GL
IS
P.
As
re
po
rt
ed
in
Ch
ap
te
r
6
of
th
is
re
po
rt
,
th
e
Su
rv
ei
11
an
ce
Wo
rk
Gr
ou
p,
on
th
e
ba
si
s
of
th
e
ad
di
ti
on
a1
kn
ow
1e
dg
e
an
d
ex
pe
ri
en
ce
ga
in
ed
th
ro
ug
h
th
es
e
st
ud
ie
s,
is
cu
rr
en
t1
y
im
pr
ov
in
g
th
e
p1
an
ni
ng
an
d
im
p1
em
en
ta
ti
on
of
bi
na
ti
on
a1
su
rv
ei
11
an
ce
an
d
mo
ni
to
ri
ng
ac
ti
vi
ti
es
on
ea
ch
of
th
e
Gr
ea
t
La
ke
s
an
d
Co
nn
ec
ti
ng
Ch
an
ne
1s
.
In
th
is
re
ga
rd
,
th
e
Su
rv
ei
11
an
ce
Wo
rk
Gr
ou
p
is
pa
rt
ic
u1
ar
1y
co
gn
iz
an
t
of
th
e
sh
if
t
in
em
ph
as
is
wh
ic
h
ha
s
oc
cu
rr
ed
si
nc
e
th
e
si
gn
in
g
of
th
e
19
72
Ag
re
em
en
t
fr
om
eu
tr
Op
hi
ca
ti
on
to
co
nc
er
n
wi
th
to
xi
c
su
bs
ta
nc
es
co
nt
am
in
at
io
n
of
th
e
Gr
ea
t
La
ke
s
ba
si
n.
Th
es
e
ne
w
is
su
es
an
d
 
  
c
h
a
n
g
i
n
g
priorities
are
p
l
a
c
i
n
g
additional
demands
on
the
p
r
o
g
r
a
m
for
surveillance
information.
Nevertheless,
monitoring
efforts
on
eutrophication
must
not
be
jeopardized.
In
particular,
there
is
need
to
continue
trend
analyses
for
phosphorus
to
monitor
water
quality
improvements
achieved
through
phosphorus
abatement
programs.
The
Surveillance
Work
Group
recognizes
that
the
ability
to
detect
toxic
substances
has
increased
substantially
in
recent
years
primarily
because
of
advancements
in
analytical
technology.
This
fact
is
readily
apparent
by
examining
the
comprehensive
data
in
this
year's
Appendix
E.
Unfortunately,
the
ability
to
ascertain
the
environmental
and/or
human
health
significance
of
these
compounds
has
not
kept
pace
with
the
improvements
in
analytical
capability.
The
presence
of
organic
compounds
such
as
TCDDs,
PCDFs,
toxaphene
and
PAHs
which
are
known
to
be
deleterious
to
the
aquatic
ecosystem
must
be
incorporated
into
planned
surveillance
activities
despite
the
high
analytical
costs.
The
Surveillance
Work
Group
is
working
with
other
Committees
within
the
IJC
structure
trying
to
develop
priorities
for
these
substances
for
both
monitoring
and
control
purposes.
Further,
the
Surveillance
Work
Group
notes
that
these
more
sensitive
analytical
procedures
have
established
better
baseline
measurements
that
are,
in
certain
instances,
difficult
to
compare
with
historical
values
generated
by
less
sensitive
methods
available
at
the
time
of
their
collection.
This
is
especially
true
for
organics
and
trace
metals
in
water.
These
new
data
will
be
useful
in
establishing
new
baselines
for
determining
future
trends.
The
Surveillance
Work
Group
cautions,
however,
that
results
generated
by
these
more
sensitive
analtyical
techniques
must
be
scrutinized
carefully.
Although
a
low
detection
capability
is
important
given
the
toxicity
of
some
of
these
chemicals
at
extrenely
low
concentrations
(for
example,
TCDD)
it
is
essential
that
errors
resulting
from
missed
or
misidentified
chemicals
be
kept
to
a
minimum.
In
addition,
results
at
such
low
sensitivity
levels
tend
to
exhibit
greater
analytical
variation
which
makes
the
interpretation
of
trends
more
difficult.
These
factors
reinforce
the
need
for
increased
overall
quality
assurance
programs.
At
the
time
of
this
writing,
the
format
of
such
a
program
is
currently
being
reviewed.
The
Surveillance
Work
Group
recognizes
that
there
are
many
ongoing
surveillance
and
monitoring
activities
conducted
by
the
individual
jurisdictions
which
do
not
directly
form
a
part
of
the
GLISP
effort,
but
which,
nonetheless,
are
often
a
valuable
source
of
information
on
environmental
quality.
The
Work
Group
will
continue
to
compile
these
reports,
where
possible,
for
use
in
reporting
to
the
Board
and
the
Public.
Finally,
it
will
be
noted
that
this
year's
Surveillance
Appendix
to
the
Board
Report
has
changed
somewhat
in
the
degree
of
detail
and
format
from
that
presented
in
previous
years.
Chapter
2
provides
only
highlights
of
the
environmental
quality
in
each
of
the
Great
Lakes
since
the
more
detailed
reports
as
a
result
of
the
intensive
studies
will
be
available
in
the
near
future.
Chapter
3
provides
a
review
of
those
compounds
which
the
Surveillance
Work
Group
feels
there
is
need
to
emphasize
in
future
surveillance
and
monitoring
programs.
This
Chapter
is
a
new
addition
to
the
Surveillance
Appendix
but
it
is
one
which
the
Work
Group
feels
is
within
its
mandate
"to
 identify emerging prob1ems" as required in Annex 11. Many continuing and
emerging prob1ems are associated with Areas of Concern previous1y identified
by the Board; the status of C1ass "A" Areas of Concern are discussed in
Appendix A of the Board Report. Chapter 4 reports on the activities, in
particu1ar, the round robin studies conducted by the Data Qua1ity Work Group
over the period 1982 - 1983. Chapter 5 presents the annua1 phoSphorus
1oadings to the 1akes for 1981 - 1982. Chapter 6 out1ines a number of current
initiatives which the Survei11ance Work Group be1ieves wi11 improve the
reSponsiveness of survei11ance and monitoring activities to Agreement
requirements and to the changing priorities and issues that have surfaced
since the deveTopment of the Great Lakes Internationa1 Survei11ance P1an which
was endorsed by the Water Qua1ity Board in 1980.

 2. Assessment
Since the 1972 Water Quality Agreement there has been a major effort on
behalf of both governments to reduce phosphorus loadings and curtail inputs of
certain toxic chemicals. Concomitantly, there has been a coordinated effort
to measure the success of these remedial programs. This coordinated effort
formally became known as the Great Lakes International Surveillance Plan
(GLISP) which was endorsed by the Water Quality Board in 1980.
The current status of each of the Great Lakes with respect to eutrophica-
tion and contaminants is reported in this chapter based on results of certain
efforts related to the Great Lakes International Surveillance Plan (GLISP).
While these data, in some instances, have not been collected over a sufficient
number of years to establish long—term trends, there is nevertheless adequate
information to permit statements on changes. Relevant data are summarized
briefly below for selected parameters on a basinwide perspective followed by a
more detailed lake-by-lake assessment.
Results from open lake studies show that Lake Ontario has exhibited a
consistent decline in total phosphorus concentrations over the last 13 years.
This
tren
d ha
s oc
curr
ed w
itho
ut s
igni
fica
nt r
educ
tion
s in
phOS
phor
us l
oadi
ng
from Lake Erie. The Tower concentrations in Lake Ontario may reflect a
sing
ular
or c
ombi
ned
outc
ome
of l
ower
inpu
ts f
rom
poin
t so
urce
s o
ther
than
the
Nia
gar
a R
ive
r o
r a
fun
cti
on
of
som
e a
s y
et
une
xpl
ain
ed
lak
ewi
de
pro
ces
s.
Results from Lake Erie have been subjected to several interpretive schemes,
and while there is as yet no universal agreement to the absolute meaning of
thes
e da
ta,
ther
e is
agre
emen
t th
at t
otal
phos
phor
us v
alue
s ap
pare
ntly
have
stabilized. Given the increased trend of total phosphorus in the early to
mid—
1970
's,
this
stab
iliz
atio
n is
an e
ncou
ragi
ng s
ign.
Conc
entr
atio
ns o
f
total phosphorus in Lake Huron have not increased significantly since earlier
obs
erv
ati
ons
in
197
4 a
nd
res
ult
s f
rom
Sag
ina
w B
ay
ind
ica
te
a s
ubs
tan
tia
l
decline in the eutrophication process within this important embayment.
The
tren
d fo
r ni
trog
en
(nit
rate
plus
nitr
ite)
conc
entr
atio
ns
in t
he G
reat
Lake
s ba
sin
appe
ars
to b
e th
e re
vers
e of
phos
phor
us.
Resu
lts
from
Lake
s
Onta
rio
and
Huro
n i
ndic
ate
a st
eady
incr
ease
in n
itro
gen
whic
h ha
s be
en
calc
ulat
ed a
t 9.
4 an
d 5.
4 pg
/L/y
r,
reSp
ecti
vely
.
Nitr
ogen
conc
entr
atio
ns
in
Lak
es
Mic
hig
an
and
Eri
e s
imi
lar
ly
sho
w a
n i
ncr
eas
ing
tre
nd
wit
h v
alu
es
in
all
thre
e La
ke E
rie
basi
ns h
avin
g do
uble
d ov
er t
he l
ast
20 y
ears
.
Give
n th
is
con
sis
ten
t t
ren
d t
her
e i
s r
eas
on
to
ant
ici
pat
e t
he
l98
3 L
ake
Sup
eri
or
sur
vey
wil
l
lik
ewi
se
sho
w a
n i
ncr
eas
e i
n n
itr
oge
n.
Sus
pec
ted
cau
se
for
the
se
inc
rea
ses
inc
lud
e:
cha
nge
s i
n b
iol
ogi
cal
act
ivi
ty
(co
mmu
nit
y s
hif
ts)
; c
han
ges
in
agr
icu
ltu
ral
pra
cti
ces
(fe
rti
liz
ers
);
or
inc
rea
sin
g a
tmo
sph
eri
c
dep
osi
tio
n.
Reg
ard
les
s o
f t
he
cau
se,
the
se
inc
rea
ses
may
be
of
con
cer
n a
nd
som
e a
tte
nti
on
sho
uld
be
dir
ect
ed
tow
ard
an
exp
lan
ati
on
of
thi
s o
bse
rva
tio
n
and its potential impact, if any.
 
 Resu1ts from the Great Lakes fish contaminants monitoring program
indi
cate
d th
at L
ake
Mich
igan
had
the
high
est
conc
entr
atio
n of
PCBs
and
ZDDT
in 1
980.
In 1
981,
the
Agre
emen
t ob
ject
ives
for
P085
in a
11
Take
s an
d fo
r
ZDDT in a11 1akes except Lake Superior were exceeded (Tab1es 2.0-1 and
2.0—2). Using the 1atest year from which comp1ete data are avai1ab1e, resu1ts
demo
nstr
ate
that
ther
e is
1itt
1e d
iffe
renc
e in
PCB
conc
entr
atio
ns
in h
erri
ng
gu11 eggs from Lakes Ontario, Michigan and Erie. For EDDT, however, Lake
Mich
igan
eggs
main
tain
the
high
est
conc
entr
atio
ns w
hen
comp
ared
to t
he o
ther
four 1akes (Tab1e 2.0-3).
In every instance reported, the observed concentrations of the routine1y
ana
1yz
ed
org
ano
ch1
ori
nes
in
fis
h a
nd
gu1
1s
ind
ica
te
tha
t r
ece
nt
va1
ues
are
1ower than historica1 high va1ues. For some substances, however, the abso1ute
conc
entr
atio
ns h
ave
incr
ease
d-ov
er t
he 1
ast
two
to t
hree
year
s.
If t
hese
higher va1ues are attributab1e to some additiona1 uncontr011ed source, then
ther
e is
caus
e fo
r co
ncer
n.
If,
on t
he o
ther
hand
, t
hese
obse
rvat
ions
mere
1y
represent a variation for substances that are approaching some environmenta1
equi1ibrium, then such aberrations wou1d not necessari1y be cause for
concern. Any definitive conc1usions cannot as yet be made and must await the
resu1ts from additiona1 co11ections.
A. LAKE SUPERIOR
The Board approved the 1983 intensive survei11ance p1an for Lake
Superior. The p1an has been forwarded to the jurisdictions for imp1ementa-
tion. This represents the 1ast of the intensive survei11ance p1ans on each of
the
Take
s ac
cord
ing
to t
he 9
‘yea
r bi
nati
ona1
stra
tegy
orig
ina1
1y o
ut1i
ned
in
the GLISP. The 1983 intensive survei11ance study was designed to provide
upd
ate
d
bas
e1i
ne
inf
orm
ati
on
on
the
cur
ren
t
tro
phi
c
sta
tus
and
deg
ree
of
contamination of the 1ake with toxic substances, particu1ar1y those for which
Agreement objectives present1y exist.
Eutrophication
The concentration of nutrients in the open waters of Lake Superior was
1as
t m
eas
ure
d
int
ens
ive
ly
in
197
3 a
s p
art
of
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up
(197
6) s
tudy
.
The
Refe
renc
e Gr
oup
repo
rted
that
ther
e wa
s 1
itt1
e ev
iden
ce o
f
nut
rie
nt
enr
ich
men
t o
r 1
ong
-te
rm
cha
nge
s i
n g
ene
ra1
wat
er
qua
1it
y i
n t
he
1ake. The 1ake was c1assified as o1igotrophic with deteriorated water qua1ity
bei
ng
gen
era
11y
res
tri
cte
d t
o a
few
1oc
a1i
zed
are
as
a1o
ng
the
sho
re1
ine
.
Factors contributing to the o1igotrophic status of the 1ake are its 1arge
vo1
ume
to
sur
fac
e a
rea
rat
io,
10w
wat
er
tem
per
atu
res
and
10w
nut
rie
nt
1oa
d-
ings. The 1983 intensive survei11ance study was designed to determine changes
in 1ake water qua1ity, if any, over the 1ast decade.
Contaminants in Biota
 
During the 1960's and ear1y 1970's, it was apparent that organic contam-
ina
nts
wer
e o
ccu
rri
ng
at
e1e
vat
ed
1ev
e1s
in
sev
era
1
spe
cie
s o
f L
ake
Sup
eri
or
fish. Studies by the Upper Lakes Reference Group in 1973 detected such
pers
iste
nt c
ompo
unds
as P
CBs,
hexa
ch1o
robe
nzen
e, h
epta
ch1o
r ep
oxid
e, m
etho
xy-
ch10r and toxaphene. Toxaphene was high1ighted as a major toxic substance of
con
cer
n b
y t
he
Boa
rd
in
its
198
2 R
epo
rt
to
the
Com
mis
sio
n.
It
is
fur
the
r
addressed in Chapter 3 of this report.
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 TABLE 2.0-1
PC
B
AN
D
DD
T
LE
VE
LS
(u
g/
g
Ne
t
We
ig
ht
)
IN
L
A
K
E
T
R
O
U
T
(
W
h
o
1
e
F
i
s
h
C
o
m
p
o
s
i
t
e
s
)
F
R
O
M
FO
UR
OF
TH
E
G
R
E
A
T
L
A
K
E
S
 
1
9
7
7
1
9
7
8
1
9
7
9
1
9
8
0
1
9
8
1
X
P
C
B
Z
D
D
T
Z
P
C
B
X
D
D
T
X
P
C
B
Z
D
D
T
Z
P
C
B
Z
D
D
T
Z
P
C
B
Z
D
D
T
O
n
t
a
r
i
o
+
8
.
0
4
.
4
5
.
1
1
.
3
4
.
7
2
.
0
4
.
8
0
.
8
1
3
.
7
1
.
5
M
i
c
h
i
g
a
n
*
5
.
8
3
.
8
6
.
0
3
.
3
4
.
5
2
.
8
5
.
3
2
.
8
-
-
H
u
r
o
n
1
.
7
0
.
8
1
2
.
0
1
.
8
2
.
6
2
.
0
2
.
9
1
.
7
2
.
4
1
.
2
2
.
2
1
.
2
S
u
p
e
r
i
o
r
+
0
.
9
0
0
.
3
5
0
.
4
6
0
.
3
1
*
1
.
7
0
.
9
7
0
.
9
6
0
.
6
4
0
.
6
8
0
.
7
6
+
D
a
t
a
S
o
u
r
c
e
:
D
e
p
a
r
t
m
e
n
t
o
f
F
i
s
h
e
r
i
e
s
a
n
d
O
c
e
a
n
s
,
B
u
r
1
i
n
g
t
o
n
,
O
n
t
a
r
i
o
.
M
e
a
n
o
f
i
n
d
i
v
i
d
u
a
i
a
g
e
4
+
f
i
s
h
;
N
i
s
v
a
r
i
a
b
i
e
.
*
D
a
t
a
S
o
u
r
c
e
:
U
.
S
.
F
i
s
h
a
n
d
W
i
1
d
1
i
f
e
S
e
r
v
i
c
e
,
A
n
n
A
r
b
o
r
a
n
d
U
.
S
.
E
P
A
,
G
L
N
P
O
,
C
h
i
c
a
g
o
,
I
L
c
o
o
p
e
r
a
t
i
n
g
—
m
e
a
n
o
f
1
0
f
i
s
h
c
o
m
p
o
s
i
t
e
s
T
.
L
.
4
5
0
-
6
4
0
m
m
;
N = 4.
 
 TABLE 2.0-2
SELECTED ORGANOCHLORINE CONTAMINANT RESIDUES IN ug/g WET WEIGHT (1 S.E.)
IN WHOLE FISH RAINBOW SMELT, 1981
Data Source: Department of Fisheries and Oceans, Buriington, Ontario
ONTARIO ERIE HURON SUPERIOR
N* 47 36 36 12
Weight (g) 28.27 31.55 27.69 30.50
(3.18) (2.85) (1.85) (2.27)
% Lipid 5.55 4.76 4.30 3.39
(0.22) (0.22) (0.14) (0.16)
p03 0.90 0.23 0.13 0.11
(0.06) (0.02) (0.01) (0.00)
pp'DDE 0.33 0.03 0.07 0.06
(0.02) (0.00) (0.01) (0.00)
2001 0.49 0.06 0.10 0.07
(0.03) (0.00) (0.01) (0.00)
Mirex 0.04 ND ND ND
(0.00)
*Each sampie consists of a composite of five fish.
 TABLE 2.0—3
 
SELECTED ORGANOCHLORINE CONTAMINANT RESIDUES IN ug/g NET WEIGHT (: S.D.)
IN HERRING GULL EGGS FROM THE GREAT LAKES, 1980
Data Source:
Canada w11d11fe Service, Burlington, Ontario
LAKE ONTARIO LAKE ERIE LAKE HURON
LAKE SUPERIOR LAKE MICHIGAN
(SNAKE IS.) (MIDDLE IS.) (CHANTRY IS.) (AGAwA ROCKS) (BIG SISTER)
N 10 1o 10 10 10
% Lipid 7.9 7.1 9.4 8.3 8.4
(0.6) (1.0) (0.07) (0.7) (1.0)
PCB 53 54 23 24 56
(23) (12) (14) (12) (12)
Mirex 1.60 0.09 0.16 0.17 0.07
(0.77) (0.08) (0.15) (0.11) (0.04)
HCB 0.15 0.09 0.08 0.08 0.08
(0.08) (0.02) (0.03) (0.02) (0.02)
Die1drin 0.20 0.16 0.24 0.35 0.65
(0.09) (0.06) (0 07) (0.21) (0.22)
pp'
DDT
0.1
4
0.1
0
0.0
4
0.1
5
0.1
7
(0.13) (0.08) (0.02) (o 13) (0.05)
pp'D
DE
7.4
2.6
2.8
3.8
11.0
(4.1) (0.66) (1.4) (3.5) (2 6)
 
 On1
y
thr
ee
yea
rs
of
dat
a
on
a c
ons
ist
ent
bas
is
are
ava
i1a
b1e
for
con
tam
-
ina
nts
in
Lak
e
Sup
eri
or
fis
h.
Dat
a
on
1ak
e
tro
ut
(Sa
1ve
1in
us
nam
ayc
ush
)
who
1e
fis
h
com
pos
ite
s
are
pre
sen
t1y
ins
uff
ici
ent
to
det
erm
ine
any
sta
tis
tic
aT1
y
sig
nif
ica
nt
tre
nds
(Ta
b1e
2A-
1).
Sev
era
1
add
iti
ona
1 y
ear
s o
f c
o11
ect
ion
and
an
a1
ys
is
wi1
1
be
re
qu
ir
ed
be
fo
re
tr
en
ds
ca
n
be
de
te
rm
in
ed
.
Ne
ve
rt
he
1e
ss
,
the
se
dat
a
do
dem
ons
tra
te
tha
t t
iss
ue
con
cen
tra
tio
n
of
PCB
s
sti
11
exc
eed
the
Agreement objective.
 
Ana
1ys
is
of
her
rin
g
gu1
1
(La
rus
arg
ent
atu
s)
egg
s
fro
m
197
4
to
197
9
ind
ica
te
a
dec
1in
e
in
the
1ev
els
of
the
Six
per
sis
ten
t
org
ano
ch1
ori
ne
sub
sta
nce
s
inv
est
iga
ted
.
The
se
dec
1in
es
con
tin
ued
thr
oug
h
198
1
but
at
a
s1
ig
ht
1y
di
mi
ni
sh
ed
rat
e.
Th
e
de
c1
in
e
be
tw
ee
n
198
1
1e
ve
1s
an
d
th
os
e
wh
en
con
cen
tra
tio
ns
wer
e
gre
ate
st
for
eac
h
com
pou
nd
are
as
fo1
1ow
s:
DOE
—74
%,
DDT
-94
%,
die
1dr
in-
23%
,
HCB
—52
%,
mir
ex—
85%
and
PCB
s—5
6%
(Ta
b1e
2A-
2).
B. LAKE MICHIGAN
Two
rep
ort
s d
esc
rib
ing
the
res
u1t
s
fro
m i
nte
nsi
ve
sur
vei
11a
nce
on
Lak
e
Mic
hig
an
in
197
6
and
197
7 w
ere
iss
ued
by
the
U.S
.
EPA
(Ro
ckw
e11
et
a1.
,
198
0;
Bow
den
et
a1.
,
198
1).
Eff
ort
s t
o d
esc
rib
e c
han
ges
in
ope
n w
ate
r n
utr
ien
t
chemistry are schedu1ed for 1983.
Eutrophication
The
U.S
. E
PA
rep
ort
s f
ocu
sed
on
dif
fer
enc
es
in
phy
sic
och
emi
ca1
con
dit
ion
s
be
tw
ee
n
19
76
an
d
19
77
.
Ph
os
ph
or
us
co
nc
en
tr
at
io
ns
we
re
ar
ou
nd
7
pg
/L
in
19
76
and
sub
sta
nti
a11
y
dec
rea
sed
to
nea
r 5
ug/
L
in
197
7.
Con
cur
ren
t1y
,
imp
rov
ed
tro
phi
c c
ond
iti
ons
wer
e i
ndi
cat
ed
by
nar
row
er
nea
rsh
ore
zon
es
of
mes
otr
oph
ic
wa
te
rs
a1
on
th
e
en
ti
re
sh
or
e1
in
e
in
19
77
,
as
de
te
rm
in
ed
by
ph
os
ph
or
us
re
du
c-
tio
ns
and
ogh
er
phy
sic
och
emi
ca1
and
bio
1og
ica
1
tro
phi
c
ind
ica
tor
s.
Eut
ro
hic
zo
ne
s
we
re
es
pe
ci
a1
1y
no
te
d
ne
ar
Mi
1w
au
ke
e
Ha
rb
or
an
d
In
di
an
a
Ha
rb
or
Ca
na
.
The
se
rep
ort
s
cau
tio
n
tha
t
the
app
are
nt
dec
1in
ing
tre
nds
may
be
due
to
sho
rt-
te
rm
an
nu
a1
va
ri
at
io
n
be
tw
ee
n
th
e
tw
o
ye
ar
s
an
d
ma
y
no
t
ne
ce
ss
ar
i1
y
in
di
ca
te
a
con
tin
uin
g d
own
war
d t
ren
d i
n p
hos
pho
rus
con
cen
tra
tio
ns.
Contaminants in Biota
 
Ana
1ys
is
of
1ak
e t
rou
t w
ho1
e f
ish
com
pos
ite
s f
rom
197
7 t
hro
ugh
198
0
in
di
ca
te
s
th
at
no
co
ns
is
te
nt
pa
tt
er
n
in
1e
ve
1s
of
PC
Bs
,
DD
T,
di
e1
dr
in
,
an
d
ch1
ord
ane
has
eme
rge
d
(Ta
b1e
2B-
1).
The
se
dat
a d
o i
ndi
cat
e,
how
eve
r,
tha
t
La
ke
Mi
ch
ig
an
ha
s
th
e
hi
gh
es
t
co
nt
am
in
an
t
1e
ve
1s
of
PC
Bs
an
d
DD
T
co
mp
ar
ed
to
the
oth
er
Gre
at
Lak
es.
Tis
sue
con
cen
tra
tio
ns
for
the
se
com
pou
nds
sti
11
exc
eed
th
e
Ag
re
em
en
t
ob
je
ct
iv
es
.
Co
nt
in
ue
d
su
rv
ei
11
an
ce
ef
fo
rt
s
wi
11
be
re
qu
ir
ed
bef
ore
a c
ons
ist
ent
pat
ter
n
or
tre
nd
can
be
det
erm
ine
d.
An
a1
ys
is
of
he
rr
in
g
gu1
1
eg
gs
fr
om
197
1
th
ro
ug
h
19
80
in
di
ca
te
s
a
si
gn
if
i-
can
t d
ec1
ine
in
ZPC
Bs
and
EDD
T (
Tab
1e
28-
21.
No
con
sis
ten
t p
att
ern
is
evi
den
t
for
die
1dr
in
and
HCB
,
but
mir
ex
app
ear
s
to
hav
e d
ec1
ine
d.
Mir
ex
and
HC
B
ha
d
va
1u
es
in
19
80
th
at
re
pr
es
en
t
the
1o
we
st
re
co
rd
ed
to
dat
e.
C. LAKE HURON
The
Upp
er
Lak
es
Ref
ere
nce
Gro
up
(19
76)
con
c1u
ded
tha
t L
ake
Hur
on,
Geo
rgi
an
Ba
y
an
d t
he
No
rt
h
Ch
an
ne
1
we
re
o1
io
tr
op
hi
c
in
na
tu
re
bu
t
th
e
im
pa
ct
s
of
ma
n
s
-10..
_
1
2
_
  
TABLE 2A-2
MEAN CONC
ENTRATION
(in ug/g
Net Weigh
t t S.D.)
0F SELECT
ED ORGANO
CHLORINE
CONTAM
INANTS
IN HER
RING G
ULL EG
GS FRO
M TWO
LAKE S
UPERIO
R COLO
NIES
Data Source: Can
ada N11d1ife Serv
ice, Burlington,
Ontario
LA
KE
SUPE
RIOR
N
FAT DDE
DDT DIELDRI
N HCB
MIREX ZPCBS
MAMA I NSE HARBO UR/
AGAWA
ROCKS*
 
1974
1975
1
9
7
7
1978
*
1979
* 1980
* 1981
1
0
1
0
1
0
9
10
1
0
1
0
GRANIT
E ISLA
ND
1
9
7
4
1975
1977
1978
1979
1980
1981
9
1
0
1
0
1
0
1
0
1
0
1
0
8.
7
7.2
9.3
9.3
9.3
8.3
8.
9
8.8
8.2
9.2
9.7
9.2
6.9
8.4
1.0 14.0
1.4 22.0
0.9
12.0
0.8
9.7
0.7 7.3
0.7
3.7
1.1 6.3
4.1 0.84
8.6 0.72
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+
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TABLE 28-1
ME
AN
(R
AN
GE
)
OR
GA
MJ
CH
LO
RI
NE
CO
NT
AM
IN
AN
T
CO
NC
EN
TR
AT
IO
NS
IN ug/g NET WEIGHT
IN
LAK
E M
ICH
IGA
N
LAK
E
TRO
UT
()h
o1e
Fis
h C
omp
osi
tes
)
BETWEEN 450—600 mn TOTAL LENGTH
Data Source:
U.
S.
EP
A
(G
LN
PO
),
Ch
ic
ag
o,
I1
1i
no
is
in
co
op
er
at
io
n
wi
th
U.
S.
Fi
sh
an
d
Wi
1d
11
'f
e
Se
rv
ic
e,
An
n
Ar
bo
r,
Mi
ch
ig
an
 
YE
AR
N*
DI
EL
IR
IN
ZP
CB
ED
DT
19
77
4
0.
42
5.
8
3.
8
(0
.3
5
-
0.
55
)
(4
.2
-
7.
3)
(3
.4
-
4.
2)
19
78
4
0.
52
6.
0
3.
3
(0
.2
8
-
0.
82
)
(4
.2
—
8.
3)
(0
.5
—
7.
6)
19
79
4
0.
43
4.
5
2.
8
(0
.2
9
—
0.
73
)
(3
.5
—
5.
7)
(2
.2
—
3.
8)
19
80
3
0.
23
5.
3
2.
8
(0
.2
0
-
0.
25
)
(4
.6
-
6.
4)
(2
.4
-
3.
4)
*T
en
fi
sh
co
mp
os
it
es
.
TABLE 2B—2
M
E
A
N
C
O
N
C
E
N
T
R
A
T
I
O
N
(i
n
u
g
/
g
W
e
t
W
e
i
g
1
t
:
S
.
D
.
)
0
F
S
E
L
E
C
T
E
D
C
O
N
T
A
M
I
N
A
N
T
S
IN
H
E
R
R
I
N
G
G
U
L
L
E
G
G
S
F
R
O
M
B
I
G
S
I
S
T
E
R
I
S
L
A
N
D
,
L
A
K
E
M
I
C
H
I
G
A
N
,
1
9
7
1
-
1
9
8
0
D
a
t
a
S
o
u
r
c
e
:
C
a
n
a
d
a
11
11
d
1
i
f
e
S
e
r
v
i
c
e
,
B
u
r
1
i
n
g
t
o
n
,
O
n
t
a
r
i
o
i
n
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
D
r
.
R.
F
a
b
e
r
,
S
t
.
M
a
r
y
s
C
o
1
1
e
g
e
,
W
i
n
o
n
a
,
M
i
n
n
e
s
o
t
a
Y
E
A
R
N
D
D
E
D
D
T
Z
D
D
T
D
I
E
L
D
R
I
N
H
C
B
M
I
R
E
X
Z
P
C
B
S
1
9
7
1
9
6
1
:
3
4
.
0
0
.
9
8
:
0
.
4
3
6
2
:
3
4
.
0
0
.
8
3
:
0
.
3
6
0
.
4
5
:
0
.
6
6
0
.
6
8
:
1
.
4
1
4
0
:
6
4
1
9
7
3
10
6
4
:
1
6
.
0
0
.
7
0
:
0
.
2
1
6
5
:
1
6
.
0
0
.
5
9
:
0
.
3
5
0
.
1
1
:
0
.
0
5
0
.
2
1
:
0
.
3
1
1
7
0
:
5
0
1
9
7
6
1
0
3
3
:
1
0
.
0
0
.
2
7
:
0
.
1
9
3
4
:
1
1
.
0
0
.
8
2
:
0
.
3
5
0
.
1
4
:
0
.
0
6
0
.
3
6
:
0
.
5
4
1
2
0
:
2
8
1
9
7
8
1
0
2
1
:
8
.
0
0
.
1
4
:
0
.
0
5
2
2
:
8
.
0
0
.
9
0
:
0
.
5
7
0
.
1
2
:
0
.
0
5
0
.
2
6
:
0
.
2
5
9
0
:
3
7
1
9
8
0
1
0
1
1
:
2
.
6
0
.
1
7
:
0
.
0
5
1
2
:
2
.
6
0
.
6
5
:
0
.
2
2
0
.
0
8
:
0
.
0
2
0
.
0
7
:
0
.
0
4
5
6
:
1
2
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 ac
ti
vi
ti
es
we
re
c1
ea
r1
y
ev
id
en
t.
Th
e
ma
in
goa
1
of
the
19
80
La
ke
Hu
ro
n
In
te
n-
si
ve
St
udy
wa
s
to
pr
ov
id
e
a
de
ta
i1
ed
as
se
ss
me
nt
of
1a
ke
co
nd
it
io
ns
wh
ic
h
wo
u1
d
a1
1o
w
a
st
at
is
ti
ca
1
co
mp
ar
is
on
wi
th
ea
r1
ie
r
ba
se
1i
ne
da
ta
(1
97
1
an
d
19
74
)
50
th
at
ch
an
ge
s,
if
an
y,
in
ove
ra
11
wa
te
r
qu
a1
it
y
co
u1
d
be
de
te
rm
in
ed
.
0f
ma
jo
r
in
te
re
st
in
th
e
19
80
st
ud
y
wa
s
th
e
im
pr
ov
em
en
ts
in
Sa
gi
na
w
Ba
y
an
d
th
e
res
u1t
ant
imp
act
on
sou
the
rn
Lak
e H
uro
n.
Sag
ina
w
Bay
is
dis
cus
sed
sep
ara
te1
y
at the end of this section.
Eutrophication.
Nutrients
Nut
rie
nt
con
cen
tra
tio
ns
mea
sur
ed
in
198
0
wer
e
1ow
com
par
ed
to
Lak
e
Mi
ch
ig
an
an
d
th
e
Lo
we
r
Gr
ea
t
La
ke
s.
Me
an
co
nc
en
tr
at
io
ns
fo
r
th
e
ma
jo
r
nu
tr
ie
nt
s
su
ch
as
ph
os
ph
or
us
,
ni
tr
og
en
an
d
si
1i
ca
sti
11
in
di
ca
te
an
o1
ig
o—
tro
phi
c
sys
tem
(Ta
b1e
20-
1).
Wat
er
qua
1it
y
con
dit
ion
s
wer
e
gen
era
11y
bet
ter
in
the
nor
the
rn
vs
sou
the
rn
par
t o
f
the
1ak
e
a1t
hou
gh
the
sou
the
rn
par
t o
f t
he
1ak
e
has
imp
rov
ed
con
sid
era
b1y
as
a r
esu
1t
of
imp
rov
eme
nts
in
Sag
ina
w B
ay.
Som
e
nea
rsh
ore
are
as
con
tin
ue
to
exh
ibi
t
det
eri
ora
ted
wat
er
qua
1it
y
con
dit
ion
s
fo
r
1i
mi
te
d
pe
ri
od
s
of
ti
me
.
In
c1
ud
ed
ar
e
su
ch
re
gi
on
s
as
th
e
On
ta
ri
o
sh
or
e-
1in
e o
f
sou
the
rn
Lak
e H
uro
n,
Thu
nde
r
Bay
,
Mic
hig
an,
and
the
mou
th
of
Sag
ina
w
Bay.
Pho
sph
oru
s.
Amb
ien
t c
onc
ent
rat
ion
s
of
pho
sph
oru
s
in
Lak
e H
uro
n
var
y
di
re
ct
ly
wi
th
po
in
t
so
ur
ce
1o
ad
in
gs
.
Th
e
1a
rg
es
t
co
nt
ri
bu
ti
on
s
of
tot
a1
pho
sph
oru
s
wer
e
der
ive
d
fro
n
tri
but
ari
es
but
the
atm
osp
her
e
a1s
o c
ont
rib
ute
d
a
significant amount (Tab1e 20-2).
Lev
e1s
of
tot
a1
pho
sph
oru
s w
ere
10w
, a
ver
a i
ng
5.0
pg/
L (
are
a w
eig
hte
d
mean
) in
the
surf
ace
wate
rs o
f La
ke H
uron
and
ﬁ.2
pg/L
in G
eorg
ian
Bay
over
the period Apri1 to November 1980. In contrast, concentrations in Lake
Ont
ari
o
are
nea
r1y
thr
ee
tim
es
hig
her
ave
rag
ing
app
rox
ima
te1
y 1
4.0
pg/
L.
Nit
rog
en.
Pri
nci
pa1
sou
rce
s o
f n
itr
oge
n t
o t
he
1ak
e a
re
atm
osp
her
ic
1oa
d-
ing, nitrogen fixation and inputs from surface and groundwater drainage.
Lak
ewi
de
mea
n
(ar
ea-
wei
ght
ed)
va1
ues
for
nit
rat
e +
nit
rit
e-N
ave
rag
ed
ove
r t
he
six cruises were greater in Lake Huron (274 pgN/L) and the North Channe1
(271
pgN/
L) t
han
in G
eorg
ian
Bay
(253
pgN/
L).
Ammo
nia
1eve
1s w
ere
1ow
_
thr
oug
hou
t m
ost
of
the
Lak
e H
uro
n/G
eor
gia
n
Bay
sys
tem
ran
gin
g f
rom
1-4
pgN
/L
dur
ing
the
six
cru
ise
s w
ith
the
exc
ept
ion
of
the
spr
ing
con
cen
tra
tio
ns
mea
sur
-
ed i
n th
e No
rth
Chan
ne1
whic
h we
re d
ue t
o in
puts
from
the
St.
Mary
s Ri
ver.
Si1
ica
.
Lak
e S
upe
rio
r,
via
the
St.
Mar
ys
Riv
er
was
by
far
the
pri
nci
pa1
sou
rce
of
so1
ub1
e r
eac
tiv
e s
i1i
ca
(SRS
) w
ith
1ev
e1s
con
siS
ten
t1y
exc
eed
ing
2
pg
Si0
2/L
thr
oug
hou
t t
he
stu
dy
per
iod
.
In
con
tra
st,
SRS
con
cen
tra
tio
ns
in
the
rema
inin
g su
rfac
e wa
ters
of L
ake
Huro
n ex
hibi
ted
1arg
e sp
atia
1 a
nd
tempora1 variations but were genera11y 1ess than 1.6 pg Si02/L.
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R
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m
g
/
L
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E
mgN/L
S
O
L
U
B
L
E
P
U
g
P
/
L
T
O
T
A
L
P
u
g
P
/
L
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I
9
6
8
I
9
6
9
I970
I
9
7
4
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IZ.I(5.8)
IZ.O(5.2)
I4.6(6.2)
I7.8(3.9)
II.5(6.I)
9.0(5.2)
15.5(5.2)
I4.6(6.6)
7.8(5.3)
1
6
6
(
1
4
)
I7
7(
9)
117(44)
1
7
3
(
1
3
)
20
0(
15
)
1
8
4
(
3
9
)
2
0
8
(
2
5
)
21
1(
13
)
1
9
3
(
2
0
)
6.5(2.2)
7.8(O.8)
6.2(2.I)
4.6(2.8)
6
.
7
(
2
.
7
)
6.2(0.8)
5
.
2
(
0
.
7
)
12.7(2.4)
I4.3(2.4)
17.4(0.6)
17.1(1
5)
II.5(6.0)
II.4(I.4)
12.4(I.8)
15.1(1.6)
2.2(O.6)
2.0(O.4)
2.4(I.9)
1.4(0.5)
1.2(O.4)
0.9(O.4)
I.I(O.3)
I.0(0.4)
1.4(O.4)
O.ZI(.06)
O.ZO(.05)
O.I3(.06)
0.30(
04)
O.27(.O4)
3.4(3.6)
3.0(I.9)
0.8(
.4)
7.6(7.I)
6.8(2.6)
4.5(2.I)
5.0(2.0)
  
 SUMMARY OF 1980 ESTIMATED PHOSPHORUS LOADING
(metric tonnes/year)
TABLE ZC-Z
T0 LAKE HURON
Data Source: Compi1ed from United States and Canadian agencies:
Avai1ab1e on U.S. EPA STORET System
MICHIGAN ONTARIO TOTALS
Direct Industria1
Discharge 2 1 2
Direct Municipa1
Discharge
18
103
121
Tributary:
Monitored 559 994 1,553
(standard error) (13) (134) (134)
Subtota1s 579 1,098 1,676
Unmonitored 315 328 643
(standard error)2 (25) (43) (50)
Atmospheric 1,4951
TOTAL
Estimated inputs from Lake Superior 730 (146), Lake Michigan 2553 985
Tota1 estimated input to Lake Huron
Target Load, 1978 Great Lakes Water Qua1ity Agreement
4,799
4,360
 
Tota1$ may not sum
1Estimate uses Canadian monitoring sites on1y.
due to rounding.
2This estimate is based on the proportion of unmonitored basin area.
Standard errors ca1cu1ated from tributary Toading estimates were used in
making adjustments.
aUpper Lakes Reference Group 1974-1975 estimates.
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Inte
r-ye
ar c
ompa
riso
n.
A pr
inci
pa1
obje
ctiv
e of
the
1980
Lake
Huro
n
Int
ens
ive
Sur
vei
11a
nce
Pro
gra
m w
as
to
doc
ume
nt
any
cha
nge
in
wat
er
qua
1it
y b
y
.co
mpa
rin
g c
urr
ent
res
u1t
s w
ith
the
bas
e1i
ne
dat
a s
ets
for
197
1 a
nd
197
4.
The
mea
n a
nd
sta
nda
rd
dev
iat
ion
for
tota
1 p
hos
pho
rus
, n
itr
ate
+ n
itr
ite
and
$01
-
ub1
e r
eac
tiv
e s
i1i
ca
for
the
197
1
and
198
0 s
pri
ng
cru
ise
s o
n L
ake
Hur
on
and
the
197
4 a
nd
198
0 s
pri
ng
cru
ise
s o
n G
eor
gia
n B
ay
are
pre
sen
ted
in
Tab
1e
20-3
.
Sta
tis
tic
a1
ana
1ys
is
usi
ng
a S
tud
ent
's
t-t
est
ind
ica
ted
tha
t t
ota
1
pho
s-
pho
rus
exh
ibi
ted
no
sig
nif
ica
nt
inc
rea
se
(p
1es
s t
han
0.0
5)
sin
ce
197
1
in
Lak
e
Hur
on
and
197
4 i
n G
eor
gia
n B
ay.
The
se
res
u1t
s a
re
in
kee
pin
g w
ith
the
non
—
deg
rad
ati
on
man
age
men
t c
onc
ept
for
the
Upp
er
Lak
es
as
sta
ted
in
the
197
8 G
rea
t
Lak
es
Wat
er
0ua
1it
y A
gre
eme
nt.
So1
ub1
e r
eac
tiv
e s
i1i
ca
sho
wed
a s
ign
ifi
can
t
inc
rea
se
(12
%)
fro
m
197
1
to
198
0
in
Lak
e H
uro
n.
In
con
tra
st,
SRS
1ev
e1s
in
Geo
rgi
an
Bay
dec
rea
sed
sig
nif
ica
nt1
y
(13
.5%
)
bet
wee
n
197
4
and
198
0.
Nit
rat
e
+
nit
rit
e d
emo
nst
rat
ed
a s
ign
ifi
can
t i
ncr
eas
e i
n b
oth
Lak
e H
uro
n a
nd
Geo
rgi
an
Bay
.
If
a
co
ns
ta
nt
an
nua
1
ra
te
of
in
cr
ea
se
ca
n
be
as
su
me
d,
th
en
ni
tr
at
e
+
nit
rit
e
has
inc
rea
sed
at
app
rox
ima
te1
y
5.4
ug
N/L
/yr
in
Lak
e
Hur
on
and
4.5
pg
N/
L/
yr
in
Ge
or
gi
an
Ba
y.
It
sho
u1d
be
sta
ted
tha
t w
hen
nut
rie
nt
dat
a
fro
m
thi
s
stu
dy
bec
ame
ava
i1-
ab
1e
,
sev
era
1
in
ve
st
ig
at
or
s
un
de
rt
oo
k
to
an
a1
yz
e
an
d
in
te
rp
re
t
it.
Th
ei
r
res
u1t
s
are
in
gen
era
1
agr
eem
ent
,
how
eve
r,
the
re
are
som
e
dis
cre
pan
cie
s
in
de
ta
i1
s
bu
t
th
es
e
do
no
t
af
fe
ct
th
e
co
nc
1u
si
on
s
ab
ou
t
th
e
ch
an
ge
in
nu
tr
ie
nt
con
cen
tra
tio
ns
in
Lak
e
Hur
on.
For
exa
mp1
e,
dat
a
in
Tab
1e
20-
1
are
ann
ua1
me
an
s
ba
se
d
on
a1
1
st
at
io
ns
fo
r
La
ke
Hu
ro
n.
Da
ta
in
Ta
b1
e
20
—3
ar
e
sp
ri
ng
(Ap
ri1
)
mea
ns
and
are
bas
ed
on
on1
y t
hos
e s
tat
ion
s
tha
t w
ere
com
mon
to
bot
h
years in the comparison.
Phytop1ankton
P
h
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p
1
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n
k
t
o
n
d
a
t
a
w
e
r
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a
va
i
1
a
b
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e
o
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u
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r
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b
e
e
n
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o
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i
c
a
1
1
y
t
h
e
m
o
s
t
i
m
p
a
c
t
e
d
b
y
S
a
g
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a
w
B
a
y.
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h
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u
r
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e
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c
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A
1
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r
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h
o
r
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h
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o
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r
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s
h
o
r
e
wa
te
rs
.
Th
is
wa
s
n
o
t
t
r
u
e
in
1
9
7
4
.
T
h
e
o
p
e
n
1
a
k
e
s
t
a
t
i
o
n
s
s
o
u
t
h
o
f
S
a
g
i
n
a
w
B
a
y
in
1
9
8
0
d
i
d
n
o
t
ex
hi
bi
t
th
e
ex
te
nt
of
in
f1
ue
nc
e
fr
om
Sa
gi
na
w
Ba
y
as
th
ey
di
d
in
19
74
(F
ig
ur
e
2
0
-
1
)
.
T
h
e
s
e
o
b
s
e
r
v
a
t
i
o
n
s
t
e
n
d
t
o
c
o
r
r
o
b
o
r
a
t
e
t
h
e
i
m
p
r
o
v
e
m
e
n
t
s
i
n
t
h
e
s
o
u
t
h
-
er
n
ha
1f
of
th
e
1a
ke
as
a
re
su
1t
of
im
pr
ov
em
en
ts
in
Sa
gi
na
w
Ba
y.
Zoop1ankton
Z
o
o
p
1
a
n
k
t
o
n
s
a
m
p
1
i
n
g
w
a
s
c
o
n
d
u
c
t
e
d
on
f
o
ur
o
f
t
h
e
s
i
x
m
a
i
n
L
a
k
e
H
u
r
o
n
c
r
u
i
s
e
s
(
A
p
r
i
1
-
J
u
1
y
)
.
Z
o
o
p
1
a
n
k
t
o
n
s
t
a
n
d
i
n
g
s
t
o
c
k
s
w
e
r
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
o
f
o
1
i
g
o
t
r
o
p
h
i
c
to
m
e
s
o
-
o
1
i
g
o
t
r
o
p
h
i
c
c
o
n
d
i
t
i
o
n
s
.
Sp
ec
ie
s
in
c1
ud
ed
C
yc
1
o
p
s
b
i
c
u
s
p
i
d
a
t
u
s
t
h
o
m
a
s
i
,
D
i
a
p
t
o
m
a
s
a
s
h
1
a
n
d
i
.
,
‘
g
L
m
i
n
u
t
u
s
a
n
d
Q
;
S
1
C
1
i
s
.
C
r
u
s
t
a
c
e
a
n
s
t
a
n
d
i
n
g
s
t
o
c
k
s
w
e
r
e
1
6
w
,
r
a
n
g
i
n
g
f
r
o
m
a
M
a
y
c
r
u
i
s
e
m
e
a
n
o
f
1
4
,
0
0
0
t
o
a
J
u
1
y
h
i
g
h
o
f
7
5
,
6
0
0
i
n
d
i
v
i
d
u
a
1
s
p
e
r
m
3
.
S
p
e
C
i
e
s
c
o
n
S
i
d
e
r
e
d
i
n
d
i
c
a
t
o
r
s
o
f
e
u
t
r
o
p
h
i
c
w
a
t
e
r
s
s
u
c
h
a
s
M
e
s
o
c
y
c
1
o
p
s
e
d
a
x
,
E
u
r
y
t
e
m
o
r
a
a
f
f
i
n
i
s
,
C
y
c
1
o
p
s
v
e
r
n
a
1
i
s
,
C
h
y
d
o
r
u
s
s
p
h
a
e
r
i
c
u
s
,
a
n
d
E
u
r
y
c
e
r
c
u
s
T
a
m
e
1
1
a
t
u
s
w
e
r
e
e
i
t
h
e
r
r
a
r
e
o
r
not detected)
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TABLE 2C-3
COMPARISONS 0F SPRING NUTRIENT CONCENTRATION IN LAKE HURON BETWEEN
1971 AND 1980 AND GEORGIAN BAY BETWEEN 1974 AND 1980
Data Source: Compi1ed from United States and Canadian agencies:
Avai1ab1e on U.S. EPA STORET System
MEAN i COEFFICIENT
STANDARD OF
REGION VARIABLE YEAR DEVIATION VARIABILITY(%)
Lake Huron Tota1 1980 4.6: 0.71 N.S. 14.4
Phosphorus (pg/L) 1971 4.1: 1.50 35.5
Nitrate + 1980 283.8:10.01** 3.5
Nitrite (Hg/L) 1971 235.0:18.62 7.9
So1ub1e Reactive 1980 1,497.01 0.096** 6.4
Si1ica (pg/L) 1971 1,395.0: 0.058 4.2
Georgian Bay Tota1 1980 5.1: 2.03 N.S. 40.0
PhOSphorus (pg/L) 1974 4.7: 3.02 N.S. 64.7
Nitrate + 1980 267.1126.82** 10.0
Nitrite 1974 248.3:20.39** 8.5
So1ub1e Reactive 1980 1,248.0: 0.176** 14.1
Si1ica (Hg/L) 1974 1,444.0: 0.184 12.7
**Significant difference (5% 1eve1).
N.S. = No significant difference (5% 1eve1).
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ti
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ii
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)
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ut
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n
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d
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 Rot
ife
r s
pec
ies
suc
h a
s N
oth
olc
a s
uam
ula
and
Syn
cha
eta
spp.
als
o i
ndi
ca-
tiv
e o
f o
lig
otr
oph
ic
or
mes
o-o
lig
otr
opﬂ
ic
con
dit
ion
s h
ad
abu
nda
nce
s r
ang
ing
from
4,50
0 in
June
to 1
5,00
0 i
ndiv
idua
ls p
er m
3 in
July
.
Agai
n, s
peci
es
con
sid
ere
d i
ndi
cat
ors
of
eut
rop
hic
wat
ers
wer
e r
are
(Fi
lin
ia,
Plo
eso
ma,
and
Tri
cho
cer
ca)
or
not
det
ect
ed
(Br
ach
ion
us
and
Euc
hla
nis
l.
 
The
mos
t p
rod
uct
ive
are
a o
f L
ake
Hur
on
was
the
sou
the
rn
nea
rsh
ore
reg
ion
,
par
tic
ula
rly
in
the
God
eri
ch/
Bay
fie
ld
and
Har
bor
Bea
ch/
Lex
ing
ton
are
as.
Zoo
—
pla
nkt
on
sta
ndi
ng
sto
cks
in
the
se
are
as
wer
e h
igh
for
all
cru
ise
s,
app
are
ntl
y
due
to
the
sti
mul
ati
on
of
pri
mar
y p
rod
uct
ivi
ty
fro
m n
utr
ien
t r
uno
ff.
In
Jul
y,
hig
h p
rod
uct
ion
als
o o
ccu
rre
d i
n t
he
St.
Mar
ys
Riv
er/
Nor
th
Cha
nne
l a
rea
.
In
gen
era
l,
zoo
pla
nkt
on
pro
duc
tiv
ity
was
hig
her
in
nea
rsh
ore
wat
ers
tha
n o
ffs
hor
e.
Contaminants
Metals
An
ext
ens
ive
sam
pli
ng
eff
ort
for
14
tra
ce
met
als
in
wat
er
was
con
duc
ted
as
par
t o
f t
he
Lak
e H
uro
n I
nte
nsi
ve
Stu
dy
in
198
0.
Res
ult
s f
or
man
y o
f t
hes
e
met
als
wer
e l
owe
r t
han
his
tor
ica
l v
alu
es.
Thi
s m
ay
be
due
to
imp
rov
ed
ins
tru
men
tat
ion
and
met
hod
olo
gy.
Tab
le
20-
4 s
umm
ari
zes
the
res
ult
s f
or
the
se
metals.
Bec
aus
e o
f t
he
mor
e s
ens
iti
ve
ana
lyt
ica
l m
eth
odo
log
ies
emp
loy
ed
in
the
198
0 m
eta
ls
sur
vey
, c
omp
ari
son
wit
h h
ist
ori
cal
res
ult
s t
o d
ete
rmi
ne
cha
nge
s i
n
met
al
con
cen
tra
tio
ns
sin
ce
1971
is
dif
fic
ult
.
The
se
new
dat
a,
how
eve
r,
pro
vid
e a
val
uab
le
bas
eli
ne
for
det
erm
ini
ng
fut
ure
cha
nge
s i
n c
onc
ent
rat
ion
s
and
the
met
hod
olo
gie
s u
sed
,
des
pit
e s
ome
equ
ipm
ent
con
tam
ina
tio
n p
rob
lem
s w
ith
a f
ew
of
the
met
als
, s
hou
ld
be
emp
loy
ed
in
fut
ure
sur
vei
lla
nce
eff
ort
s f
or
det
erm
ini
ng
met
al
con
cen
tra
tio
ns
in
eac
h
of
the
lak
es.
Th
e
Aq
ua
ti
c
Ec
os
ys
te
m
Ob
je
ct
iv
es
Co
mm
it
te
e
(A
EO
C)
of
th
e
Gr
ea
t
La
ke
s
Sci
enc
e A
dvi
sor
y B
oar
d h
as
rec
ent
ly
dev
elo
ped
a "
tox
ic
uni
t c
onc
ept
" t
o
as
ce
rt
ai
n
wh
at
me
ta
ls
(in
a
me
ta
ls
mi
xt
ur
e
in
wa
te
r)
ma
y
be
ca
us
e
for
co
nc
er
n
(AE
OC,
198
1).
In
sim
pli
fie
d t
erm
s,
thi
s c
onc
ept
sta
tes
tha
t i
f t
he
sum
of
the
rat
ios
of
the
obs
erv
ed
con
cen
tra
tio
ns
of
a
par
tic
ula
r
met
al
to
the
spe
cif
ic
obj
ect
ive
out
lin
ed
in
Ann
ex
1 o
f t
he
197
8 A
gre
eme
nt
exc
eed
s o
ne
and
any
par
tic
ula
r
met
al
rat
io
exc
eed
s 0
.25
the
n
thi
s
met
al
may
be
cau
se
for
con
cer
n.
Tab
le
20-
5
pre
sen
ts
the
se
cal
cul
ati
ons
for
sev
era
l
sta
tio
ns
in
Lak
e
Hur
on.
0n
the
bas
is
of
thi
s
con
cep
t,
the
re
may
be
con
cer
n
for
the
con
cen
tra
tio
ns
of
sel
eni
um,
mer
cur
y,
cad
miu
m a
nd
sil
ver
at
sev
era
l
loc
ati
ons
in
Lak
e H
uro
n.
Res
ear
ch
eff
ort
s h
ave
ind
ica
ted
, h
owe
ver
, t
hat
the
dis
sol
ved
fra
cti
on
rep
res
ent
s t
he
mos
t t
oxi
c f
orm
of
the
met
al
and
con
cer
n o
ver
the
se
rep
ort
ed
val
ues
sho
uld
be
vie
wed
in
thi
s c
ont
ext
.
The
cal
cul
ate
d r
ati
o o
f p
art
icu
lat
e
to
par
tic
ula
te
plu
s d
iss
olv
ed
con
cen
tra
tio
ns
app
ear
s
in
Tab
le
20—
4.
The
198
0
sur
vey
res
ult
s
als
o
sho
wed
tha
t r
ece
nt
(su
rfi
cia
l)
sed
ime
nts
in
cer
tai
n
loc
ati
ons
in
the
lak
e w
ere
con
sis
ten
tly
fou
nd
to
be
enr
ich
ed
in
cad
-
miu
m,
c0p
per
,
lea
d,
nic
kel
and
zin
c
(Ta
ble
20-
6).
Thi
s
is
con
sis
ten
t
wit
h
the
findings of the ULRG (1976) study of this lake in 1974.
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TABLE 2C-4
SUMMARY OF 1980 LAKE HURON MEDIAN TRACE METAL CONCENTRATIONS
IN WATER AND THE PARTI ONING OF TRACE METALS BETWEEN THE
DISSOLVED AND PARTICULATE FRACTIONS
Data Source: Rossmann (1982)
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TABLE 2C-5
EVALUATION
OF TOXIC UN
IT CONCEPT
(AEOC, 1981)
AS APPLIED
TO 1980 TOTA
L TRACE MET
AL CONCENTR
ATION (Lg/L)
OF LAKE HUR
ON WATER.
A REPRESENTATIVE STATION WITHIN A GEOGRAPHICAL LOCATION WAS USED TO CALCULATE Mi/Oi, WHERE Mi IS THE
OBSERVED CONCENTRATION AND 0i IS THE WATER QUALITY OBJECTIVE
Data Source: Rossmann (1982)
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TABLE
2C—6
COMPAR
ISON O
F META
L CONC
ENTRAT
IONS I
N RECE
NT SED
IMENTS
WITH
THOSE
IN OL
DER
SEDIM
ENTS
(mg/k
g Dry
Weigh
t)
METAL
RECENT SEDIMENT52
HISTOR
ICAL C
ONCENT
RATION
S
GEORGIAN BAY AND
NORTH CHANNEL BASINS
LAK
E
HUR
ON
KEMP
AND T
HOMAS
(1976
)
ROBBI
NS (
1980)
1
BASIN
S
A
s
C
d
C
o
C
r
C
u
Hg
Ni
Pb
V
Z
n
6.0
1.88
7.19
1.0
1.6
1.3
2.0
12.2 17.0 24.0
55.0
43.0
176.0
38.0
30.0
46.0
60.0
0.15
0.03
0.277
, 0.3
92
35.0 51.0 119.0
39.0
30.0
66.0.
67.0
120.0 54.0 77.0
94.0
65.0
86.0
146.0
1Derived from his data.
2Konasewi
ch, et a1
. 1978.
  
  
Organics
For the first time in 1980, concentrations of se1ected organic compounds
wer
e m
eas
ure
d i
n 1
ake
wat
ers
.
Con
cen
tra
tio
ns
for
mos
t o
f t
hes
e c
omp
oun
ds
wer
e
in t
he 1
0w n
g/L
rang
e.
For
exam
p1e,
conc
entr
atio
ns
of P
CBs
rang
ed f
rom
0.1
ng/L
in G
eorg
ian
Bay
to 3
.2 n
g/L
in t
he N
orth
Chan
ne1.
Mean
conc
entr
atio
ns
in
Lake
Huro
n, t
he N
orth
Chan
ne1
and
Geor
gian
Bay
were
0.4,
1.7
and
1.4
ng/L
,
res
pec
tiv
e1y
.
The
mea
n v
a1u
e r
epo
rte
d i
n 1
981
for
Lak
e H
uro
n w
as
0.6
ng/
L
whic
h ag
rees
reas
onab
1y w
e11
with
the
1980
data
. O
pen
1ake
conc
entr
atio
ns o
f
ch1
oro
ben
zen
es
ran
ge
fro
m
.00
3
to
.00
9
ng/
L
for
pen
tac
h1o
rob
enz
ene
s
and
.00
2
to .004 ng/L for hexach1orobenzenes for 1980 and 1981, respective1y.
As
is
the
cas
e w
ith
met
a1s
,
the
se
dat
a
pro
vid
e a
bas
e1i
ne
fro
m w
hic
h
futu
re c
hang
es c
an b
e de
term
ined
.
Perh
aps
the
sign
ific
ance
of t
hese
data
at
the
pre
sen
t t
ime
is
not
so
muc
h t
he
abs
o1u
te
va1
ue
of
the
ir
con
cen
tra
tio
ns
in
wate
r bu
t th
e fa
ct t
hat
they
can
be d
etec
ted
at a
11,
subs
tant
iati
ng t
heir
Lbi
qui
ty
in
a11
com
par
tme
nts
of
the
1ak
e e
cos
yst
em.
The
"vi
rtu
a1
e1i
min
ati
on"
of t
hese
subs
tanc
es
from
disc
harg
es e
nter
ing
the
Grea
t La
kes
is r
equi
red
by
the
197
8
Agr
eem
ent
.
The
ref
ore
,
the
ver
y
pre
sen
ce
of
the
se
man
-ma
de
che
mic
aTS
in the ecosystem is of concern and is cause for further contro1s.
Contaminants in Bi ota
 
Concentrations of ZDDT and ZPCBs in 1ake trout who1e fish composite
samp
1es
appa
rent
1y p
eake
d in
1978
and
1979
, re
spec
tive
1y,
whi1
e 1e
ve1s
of
die
1dr
in
sho
w n
o c
ons
ist
ent
pat
ter
n s
inc
e 1
977
(Ta
b1e
2C-7
).
Bot
h P
CB
and
DDT
sti1
1 e
xcee
ded
the
Agre
emen
t ob
ject
ives
for
thes
e co
mpou
nds
in 1
981.
Sme1
t
(Os
mer
us
mor
dax
)
sam
p1e
s w
ere
co1
1ec
ted
and
ana
1yz
ed
fro
m 1
979
to
198
1
(Ta
b1e
ZC—B
i.
Onl
y P
CB
sho
wed
an
ggp
are
nt
sig
nif
ica
nt
dec
1in
e.
The
se
dat
a,
how
eve
r,
are from an insufficient nu erof years to a11ow a rigorous statistica1
treatment of the resu1ts.
Long-term trends in six organoch1orine residues in herring gu11 eggs from
nesting co1onies representing southern Lake Huron (Chantry Is1and) and the
North Channe1 (Doub1e Is1and), showed a significant decrease for the period
1974 through 1979 (Tab1e 2C-9). During the period 1979 through 1981 1eve1s of
DDE from Doub1e Is1and and mirex from Chantry Is1and increased significant1y.
Except for a s1ight increase in DOE from Chantry Is1and, a11 remaining com-
pounds showed continued dec1ines with the dec1ines in DDT from Chantry Is1and
and HCB from both monitoring co1onies being statistica11y significant.
Exc1uding the above three observations, data for the other compounds suggest
that the ca1cu1ated ha1f-1ives of these conpounds have increased over the
period from 1974 to 1981. This wou1d indicate that the rate of decrease of
these trends has started to 1eve1 off.
SAGINAN BAY
Eutr0phicati on
As reported previous1y in the 1982 Water Qua1ity Board Report and the 1981
Appendix B, the 1oading of tota1 phosphorus to Saginaw Bay from the Saginaw
River has decreased over the period 1974—1980 due to phosphorus remova1
efforts by municipa1 treatment works. A1though the proposed target 1oad of
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 TABLE 20-7
MEAN (RANGE) ORGANOCHLORINE CONTAMINANT CONCENTRATIONS
IN ug/g
NET HEIGHT
IN LAKE HURON LAKE TROUT (Who1e Fish Composites)
BETWEEN 450-600 mm TOTAL LENGTH
DuaSmwm:
U.S. EPA (GLNPO), Chicago, Iilinois in
c00peration with U.S. Fish and Wiidiife Service, Ann Arbor, Michigan
YEAR N* DIELDRIN ZPCB EDDT
1977 4 0.20 2.0 1.8
(0.13 - 0.32) (1.5 - 2.2) (1.5 - 2.2)
1978 4 0.14 2.6 2.0
(0.12 - 0.15) (1.9 - 3.5) (1.9 - 2.1)
1979 4 0.14 2.9 1.7
(0.12 - 0.16) (2.5 - 4.0) (1.5 - 1.8)
198
0
4
0.1
1
2.4
1.2
(0.
09
- 0
.1
3)
(2.
2
-
2.6
)
(0.
9
-
1.3
)
19
81
4
0.
14
2.
2
1.
2
(0.
12
-
0.
18
)
(1.
9
- 2
.6)
(1.
0
-
1.3
)
*Ten fish composites.
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Data Source:
MEAN CONCENTRATION IN ug/g
TABLE 2C—8
WET WEIGHT (i S.E.) OF SELECTED
TRACE METAL AND ORGANOCHLORINE CONTAMINANTS IN LAKE HURON
RAINBOW SMELT (Wh01e Fish Composites)
Department of Fisheries and Oceans, Bur1ington, Ontario
 
T0TAL
LENGTH
YEAR N* WEIGHT (mm) % XPCB ZDDT Hg As Se
(g) RANGE LIPID
1979 12 26.33 164.6 , 4.24 0.19 0.07 0.06 0.27 0.64
(1.72) (145-188) (0.16) (0.02) (0.02) (0.01) (0.02) (0.01)
1980 36 20.68 154.2 3.46 0.11 0.07 0.07 0.26 0.69
(1.51) (124-204) (0.14) (0.01) (0 01) (0.01) (0 01) (0.02)
1981 36 27.69 161.3 4.30 0.13 0.10 0.06 0.31 0.68
(1.85) (125-195) (0 14) (0.01) (0.01) (0.00) (0.01) (0.00)
*Each sampTe consists of a composite of five fish.
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TABLE 20—9
MEAN CONCENTRATION (in ug/g Net Weight i 5.0.) 0F SELECTED ORGANOCHLORINE
CONTAMINANTS IN HERRING GULL EGGS FROM TWO LAKE HURON COLONIES
Data Source : Canada w11d11fe Service, Bur11ngton, Ontario
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Date Source: Canada Centre for Inland Waters and U. 8. EPA Storet System.
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 TABLE 20—10
PAIRNISE COMPARISONS
FOR PERCH PCB BODY BURDEN CAUGHT IN
DIFFERENT SEGMENTS 0F SAGINAN BAY, 1977—1980
Data Source: Matthews and DoTan, in preparation
LENGTH
SEGMENT* ADJUSTED MEAN SEGMENTS DIFFERING
AROCLOR 260 SIGNIFICANTLY**
1 1.29 ug/g 3 and 5
2 1.23 ug/g a1] but 4
3 1.53 ug/g 3 and 5
4 1.21 ug/g none
5 0.98 ug/g a11 but 4
Grand mean = 1.24 ug/g Ar0c1or 1260.
*See Figure 20-3 for Tocation of segments.
** a = 0.05.
TABLE 20—11
BIOCONCENTRATION FACTORS (BCFS) FOR A1242, A1260 AND TPCB
IN SAGINAN BAY YELLOW PERCH, 1977-1980
Data Source: Matthews and DoTan, in preparation
BIOCONCENTRATION FACTOR$*
SEGMENT A1242 A1260 TPCB
1 47390 60700 53600
2 50750 93850 72350
3 48820 109380 78900
4 44300 130770 95580
5 48040 119660 88890
 
*BaSEd 0” Concentrations of A1242 and A1260 in tota1 water as reported by
Richardson 33 al., 1983.
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D. LAKE ERIE
Intensive survei11ance on Lake Erie occurred during the years of 1978 and
1979. A report has been prepared under contract to U.S. EPA Great Lakes
Nationa1 Program Office which summarizes the findings of this effort. The
Survei11ance Work Group has reviewed this report in addition to severa1 others
and expects to issue its findings by ear1y 1984.
Eutrophication
According to a report prepared for the Survei11ance Work Group, spring
tota1 phosphorus concentrations from 1974 through 1980 in the west-centra1
basin showed a downward 1inear trend with time. No significant re1ationships
were detected for the west, east-centra1 or east basins over the same time
period. Fa11 tota1 phosphorus concentration from 1974 through 1980 1ikewise
showed no significant trends in any of the four sub-basins. However, an
ana1ysis of typica1 concentrations of fa11 ch1orophy11 a did indicate a down-
ward trend in concentrations vhich is considered the most severe season for
eutrophication. This report, however, represents but one of severa1 that have
recent1y been issued. Wni1e there is some disagreement among the various
authors, there appears to be some agreement that neither increasing nor
decreasing phosphorus trends are apparent through 1981. Further studies
combined with sophisticated ana1yses wi11 be required before a definitive
statement can be made.
Contaminants in Biota
 
Na11eye was the top predator fish species co11ected most consistent1y in
Lake Erie (Tab1e 2D-1). Mirex was not deteeted in any samp1 es ana1yzed. The
concentration of PCB in 1979 samp1es was significant1y greater ( 1ess than
0.001) than in other years sampTed. Concentrations of XDDT, pp' DE and
die1drin decreased significant1y (p 1ess than 0.001) by 1981 but considerab1e
variation occurred within the period from 1977 to 1981. Mercury 1eve1s
dec1ined consistent1y from 1977 through 1981 with 1981 1eve1s sigiificant1y
1ower (p 1ess than 0.001) than any preceding year.
Cont
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 TABLE
20-1
MEAN CONCENTRATION (in ug/g Net Weight 3 S.E.) 0F SELECTED TRACE METALS AND
ORGANOCHLORINE CONTAMINANTS IN LAKE ERIE WALLEYE (Who1e Fish)
Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario
HEIGHT TOTAL LENGTH
YEAR
N
(9)
(mm Range) % LIPID ZPCB pp'DDE ZDDT DIELDRIN
Hg
Zn
As
Se
1977
9 1,032.1
436.7
11.01 1.61 0.36 0.50 0.07
0.20 12.93
- 0.26
(222.9) (230-570)
(1.24) (0.42) (0.10) (0.13) (0.01) (0.04) (0.62)
(0.01)
1978
56 806.3 388.1
6.23 1.47 0.14 0.26 0.05
0.15 12.34 0.22 0.35
(90.1) (193—571) (0.59) (0.18) (0.02) (0.03) (0.01) (0.01) (0.22) (0.01) (0.01)
1979
30 1,481.7 490.2
9.87 3.05 0.21 0.49 0.10
0.15 12.99 0.32 0.37
(155.9) (325-655)
(0.57) (0.39) (0.04) (0.08) (0.01) (0.02) (0.25) (0.01) (0.01)
-
3
6
-
1980
40 1,123.3
451.4
9.72
1.40
0.19 0.45
0.04
0.13
13.76
0.33
0.33
(138.9) (244—655) (0.67) (0.12) (0.04) (0.09) (0.01) (0.01) (0.50) (0.01) (0.01)
1981
44 1,226.2 441.7
8.80 1.16 0.04 0.10 0.02
0.10 11.03 0.38 0.44
(163.3) (214-726) (0.64) (0.11) (0.00) (0.01) (0.00) (0.01) (0.37) (0.01) (0.01)
-
3
7
-
Data Source:
TABLE 20-2
MEAN CONCENTRATION (in ug/g Net Weight i S.E.) 0F SELECTED
TRACE METAL AND ORGANOCHLORINE CONTAMINANTS IN LAKE ERIE
RAINBOW SMELT (Who1e Fish)
Department of Fisheries and Oceans, Bur1ington, Ontario
 
DA
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TOT
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LEN
GTH
(mm)
RANGE
n(1)
WEIGHT % LIPID
ZPCB
pp
'D
DE
ZDDT
H9
Pb
Se
19
77
19
78
1979
1980
1981
111
.5
( 13-220)
164
.3
(122
—211
)
170
.5
(132-241)
161.6
(115-240)
164
.1
(109—210)
78
4
4
35
42
3
6
18.45
(1.69)
30.
24
(1.90)
32.38
(3.15)
25.56
-(2.10)
31.55
(2.85)
2.
74
(0.10)
4.45
(0.18)
4.65
(
0
.
2
5
)
3.48
(0.11)
4.76
(0.22)
0.18
(0.01)
0.27
(0.03)
0.
38
(0.04)
0.26
(0.02)
0.23
(0.02)
0.04
(0.00)
0.
04
(0.00)
0.05
(0.00)
0.06
(0.00)
0.03
(0.00)
0.06
(0.00)
0.06
(0.01)
0.10
(0.01)
0.12
(0.01)
0.06
(0.00)
0.05
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0.05
(0.00)
0.04
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*
0.04
(0.00)
'k
0.21
(0.03)
0.15
(0.01)
0.23
(0.
01)
0.16
(0.01)
0.23
(0.01)
0.29
(0.01)
0.36
(0.01)
0
.
3
1
(0.01)
0.
37
(0.01)
0.35
(0.01)
 
(1)Each samp1e consists of a composite of five fish.
*>50% resu1ts be1ow detection 1imit.
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AND
MERCURY
CONTAMINANT
CONCENTRATIONS
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n
FOR
YOUNG—OF-THE-YEAR
SPOTTAIL
SHINERS
g/g Net Weight : S.D.)
FROM SELECTED
SITES
IN THE
LOWER
GREAT
LAKES
Data Source:
Ontario
Ministry
of
the
Environment,
Rexdaie,
Ontario
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Non—Detectab1e.
Each samp1e is a composite of 10 fish.
 TABLE
2D-4
MEAN
CONCENTRATION
(in
ug/g
Net
Weight
i
5.0.)
0F
SELECTED
ORGANOCHLORINE
CONTAMINANTS
IN
HERRING
GULL
EGGS
FROM
TWO
LAKE
ERIE
COLONIES
Data
Source:
Canada
Wildlife
Service,
Burlington,
Ontario
LAKE
ERIE
N
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FAT
DDE
DDT
DIELDRIN
HCB
MIREX
PCBS
PT. COLBORNE
LIGHTHOUSE
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concentrations of die1drin, H03, and mirex on the Midd1e Is1and co1ony have
shown a persistent dec1ining trend and H03 on the Pt. Co1borne co1ony has
shown a significant dec1ining trend.
E. LAKE ONTARIO
The years 1981-1982 were designated in the Great Lakes Internationa1
Survei11ance P1an (GLISP) as the intensive fie1d years for Lake Ontario. A
report on these studies is current1y in preparation. This section covers on1y
high1ights of present1y avai1ab1e materia1.
Eutrophication
Nutrients
To adequate1y summarize the 1arge vo1ume of data on phosphorus and
nitrogen, two techniques were emp1oyed in the ana1yses: a) the box p1ot
(McGi11 et a1., 1978) and b) ALDAR which is a computer program producing
area-weighted mean va1ues for each of 17 zones into which the 1ake has been
divided for the purpose of ana1yses (Figure 2E-1). These zones, based on
temperature profi1es and geographic considerations, have been used since 1977
in Board Reports to summarize data and report trends. Current1y, a new
regiona1ization of the 1ake is being devised based on statistica1 ana1ysis of
1977, 1981 and 1982 data and future Lake Ontario status reports wi11 be based
on
thi
s n
ew
zon
ati
on
sch
eme
.
0n1
y s
pri
ng
dat
a (
i.e
.,
co1
1ec
ted
whi
1e
the
1ak
e
was sti11 isotherma1) have been used in the trend ana1yses. During this
period, vertica1 gradients of chemica1 parameters are at a minimum with the
resu1t that surface conditions (1 m) are representative of that found through-
out the entire water co1umn (Scavia and Bennett, 1980).
Tota1 Phosphorus. The area weighted mean tota1 phosphorus concentration
for
the
198
i
and
198
2 s
pri
ng
per
iod
s w
ere
com
par
ed
usi
ng
a S
tud
ent
's
t-t
est
to
determine if there has been any change in phosphorus concentrations between
the
two
yea
rs.
Whi
1e
no
sig
nif
ica
nt
dif
fer
enc
e
(p
1es
s t
han
0.0
5)
was
fou
nd,
the 1arge spatia1 variations associated with each year tend to mask any true
dif
fer
enc
es.
In
an
att
emp
t t
o e
1im
ina
te
the
sou
rce
s o
f t
his
var
iab
i1i
ty,
resu1ts were reana1yzed usingon1y data from the mid—1ake region (zone 17).
Var
iab
i1i
ty
was
sub
seq
uen
t1y
red
uce
d f
rom
22.
3%
to
4.7
% a
nd
22.
7%
to
10.
0%
for
1981 and 1982, respective1y, but there was sti11 no significant difference (p
1es
s
tha
n 0
.05
)
fou
nd
in
the
con
cen
tra
tio
ns
bet
wee
n
the
two
yea
rs.
The
act
ua1
change in concentration between 1981 and 1982 was 0.5 ng/L which is
approximate1y a 3.5% decrease.
Avai1ab1e data indicate that phosphorus concentrations have dec1ined since
abo
ut
1973
.
Such
dat
a h
ave
pre
vio
us1
y b
een
rep
ort
ed
usi
ng
are
a w
eig
hte
d m
ean
tota1 phosphorus concentrations (Figure 2E-2). A1though these data indeed
show
this
tren
d, a
new
“box
p1ot
“ is
a mo
re
info
rmat
ive
tech
niqu
e an
d wi
11
be
used to report future trends.
Specifica11y, Figure 2E-3 shows that since 1977 the median va1ue has
con
tin
ued
to
dec
rea
se,
a1t
hou
gh
dur
ing
197
8-1
980
, 5
0%
of
the
sam
p1e
s w
ere
within the same approximate range of concentrations (15.0 - 19.0 pg P/L).
In 1981, 25% of the samp1es were reported at 1ess than 13.3 ug P/L (i.e.,
_ 42 _
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Area-weighted
mean
whole
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spring
total
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concentrations.
Data Source: Nei/son (1983a),
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2E-3
Box
plots
of
whole
lake
spring
total
phosphorus
concentratins.
The
median
for
each
year
is
represented
by
the
dashed
line
within
each
box;
the
upper
and
lower
edges
of
the
box
give
the
upper
and
lower
quantities
of
the
data
set,
while
the
width
of
the
box
is
proportional
to
the
square
root
of
the
sample
size
MT,
where
N
=
n
um
b
e
r
of
samples).
The
highest
and
lowest
spring
surface
values
are
represented
by
short
horizontal
lines
on
the
graph
Data
Source:
Ne/Ison
(1983a).
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 the 1ower quarti1e concentration) whi1e in 1982, a1most 50% of the samp1es
were 1ess than this median (median = 13.5 pg P/L). Furthermore, the median
concentration of 13.5 ng/L reported in 1982 was the 1owest reported in the
1ast
13 y
ears
.
The
annu
a1
decr
ease
in p
hosp
horu
s wa
s no
t co
nsta
nt
from
year
to year (i.e., not 1inear).
Nitrate + Nitrite (Fi1tered). Data for who1e 1ake spring (surface)
fi1terea nitrate + nitrite concentrations are presented in Figure 2E-4. With
the exception of 1980, the median concentrations have increased each year
since 1975. The median va1ue increased significant1y (p 1ess than 0.05) from
0.335 pg N/L to 0.359 pg N/L between 1981 and 1982. Linear regression
ana1ysis of the data over the period 1970 to 1982 indicates that nitrate +
nitrite-N has been increasing at a rate of approximate1y 9.4 pg N/L/yr (r2
= 0.86 . »
Contaminants
Meta1s
 
Trace meta1s were sampTed during three 1979 cruises. Water qua1ity
objectives were exceeded for si1ver, cadmium, iron, 1ead and se1enium but not
at the frequency encountered during 1972-1973 co11ections (Na11er and Lee,
1979). Concentrations were genera11y greater in the western end of the 1ake
and in 1oca1ized areas near the inf1uence of the Credit, Hunber, Etobicoke,
Don, Genesee, and B1ack Rivers and in the vicinity of Hami1ton Harbour.
Resu1ts from the 1982 survey were not avai1ab1e in time for this report.
Based on a toxic unit ana1ysis of tota1 meta1s in water (see section 2C -
Meta1s).cadmium (Cd), copper (Cu) and, si1ver (Ag) may be contributing a
de1eterious impact to the entire 1ake (Tab1e 2E- ).
Contaminants in Biota
Age 4+ 1ake trout samp1es were uti1ized to describe annua1 contaminant
trends (Tab1e 2E—2). One way ANOVA was used to compare mean contaminant
1eve1s between years. PCB concentrations dec1ined steadiTy from 1977 to a
significantTy 1ower 1eve1 (p 1ess than 0.001) in 1981. Pre1iminary 1982 data
indicate an increase of 67.3% over 1981 PCB 1eve1s. Additiona1 years of
c011ection wi11 be needed to determine the significance of this observation.
Die1drin, mirex, pp'DDE and zDDT have a11 shown significant dec1ines (p 1ess
than 0.001) from 1977 1eve1s but the dec1ines have not been consistent from
year to year. Leve15 of EDDT and PCB were consistent1y above the IJC who1e
fish Agreement objective. Trace meta1 1eve1s were nomina11y consistent from
year to year with mercury (Hg) showing a significant (p 1ess than 0.05)
dec1ine over the period 1977 to 1981. Trace meta1 data are not yet avai1ab1e _
for 1982 samp1es.
Leve1s of PCB and ZDDT in rainbow sme1t samp1es varied considerab1y from
year to year whi1e average weight increased consistent1y from 1977 to 1982
(Tab1e 2E-3). Mirex 1eve1s decreased consistent1y with 1982 concentrations
significant1y 1ower (p 1ess than 0.001) than a11 previous years (Tab1e 2D-3).
0f a11 trace metaTS measured, on1y 1ead (Pb) 1eve1s have increased signifi-
cant1y (p 1ess than 0.001) from 1978 to 1981. 0n1y PCB 1eve1s exceeded the
who1e fish Agreement objective of 0.1 pg/g.
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TABLE ZE-I
EVALUA
TION O
F TOXI
C UNIT
CONCEP
T (AEO
C, I98
1) AS
APPLIE
D TO 1
979 TR
ACE ME
TAL
CON
CEN
TRA
TIO
N (
pg/L
) O
F L
AKE
ONT
ARI
O W
ATE
R.
MEAN
VALU
ES W
ITHI
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CH O
F FO
UR Z
ONES
WERE
USED
TO
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E Mi
/Oi,
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VED
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ENTR
ATIO
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D 01
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THE
WAT
ER
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LIT
Y O
BJE
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VE.
Dat
a S
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ce:
Nei
lso
n (
1983
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MET
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CURRENT
IJC W
ATER
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MT‘
M1“
M1“
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2
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P
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/
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L
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*Cont
ribut
ion
great
er t
han 0
.2 t
oxic
units
.
 TABLE
2E-2
MEAN CONCENTRATION (in ug/g Net Height 1 S.E.) OF SELECTED TRACE METALS AND ORGANOCHLORINE
CONTAMINANTS IN LAKE ONTARIO AGE 4+ LAKE TROUT (Nho1e Fish)
Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario
HEIGHT TOTAL LENGTH
YEAR
N
(9)
(mm Range) % LIPID
ZPCB pp'DDE ZDDT DIELDRIN HIREX
Hg
Zn
As
Se
1977
3 2,102.3
543.3
21.30
8.00
2.58 4.35
-
0.49
0.25
11.67
-
0.44
(458.2)
(475-580)
(3.00)
(0.91)
(0.38) (0.53)
(0.08)
(0.04)
(1.20)
(0.01)
1978
11 1,199.5
471.5
17.75
5.06
1.01 1.27
0.21
0.15
0.18
8.88
-
0.33
(121.3) (375-557)
(0.99) (0.63) (0.11) (0.15) (0.02) (0.04)
(0.01)
(0.64)
(0.03)
1979
75 2,067.3
559.6
20.23
4.73
1.50 1.99
0.23
0.25
0.20
10.52
0.57
0.42
(49.8) (457-622)
(0.34) (0.30) (0.10) (0.12) (0.01) (0.01) (0.01) (0.15) (0.01) (0.01)
1980
82
1,791.7 . 553.0
18.42
4.77
0.64 0.81
0.12
0.14
0.20
7.96
0.55
0.43
(51.1) (405-646)
(0.34) (0.28) (0.08) (0.09) (0.01) (0.01) (0.00) (0.20) (0.01) (0.01)
1981
83 1,538.0
517.9
19.09 3.67 0.89 1.51 0.19 0.15 0.16 9.54 0.50 0.40
(62.2) (330-635)
(0.50) (0.22) (0.04) (0.05) (0.01) (0.01)
(0.00)
(0.12)
(0.01)
(0.01)
1982 22 1,734.7 541.4 19.48 6.14 0.82 1.23 0.17 0.16 - - - -
(90.4) (405-613)
(0.66) (0.42) (0.06) (0.06) (0.01) (0.01)
-
4
9
-
 
-
5
0
-
  
TABLE 2E-3
MEAN CONCENTRATION (in ug/g Net Weight t S.E.) 0F SELECTED TRACE METAL AND ORGANOCHLORINE
CONTAMINANTS IN LAKE ONTARIO RAINBOW SdELT (M1019 Fish)
Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario
 
YE
AR
HEIGHT TOTAL LENGTH
M“) (9) (mm Range) %LIPID PCB
pp'
DDE
ZO
DT
DIELDRIN MIREX
.Hg
Pb
A
s
S
e
1977
1978
19
79
1980
19
81
1982
38
22.69
(1.93)
149.6 4.87
(100—280)
(0.19)
152.1
5.41
( 69-242) (0.18)
150.8
5.64
(100—243)
(0.17)
73 24.44
(2.30)
73 24.20
(2.28)
33 28.65
(3.63)
47 28.27
(3.18)
44 31.66
(3.75)
160.4 6.18
(108-245) (0.27)
159.9
5.55
( 86—241) (0.22)
164.7 4.65
(176-250
)
(0.25)
1.50
(0.18)
1.74
(0.16)
0.80
(0.05)
1.12
(0.10)
0.90
(0.06)
1.68
(0.13)
44
( 05)
33
0
3
3
M
( )
0
.
0
.
0
.
0
.
0
.
(0.04)
0.21
(0.02)
0.33
(0.02)
0.
35
(0.02)
0.60
(0.06)
0.39
(0.03)
0.39
(0.04)
0.25
(0.02)
0.49
(0.03)
0.44
(0.03)
0.02
(0.00)
0.
05
(0.01)
0.04
(0.00)
0.04
(0.00)
0.06
(0.00)
0.05
(0.00)
0.11
(0.01)
0.05
(0.00)
0.05
(0.00)
0.04
(0.00)
0.04
(0.00)
0.02
(0.00)
0.08
(0.01)
0.06
(0.00)
0.06
(0.00)
0.09
(0.01)
0.07
(0.00)
0.43
(0.01)
0.62
(0.01)
0.59
(0.03)
0.53
(0.01)
0.35
(0.01)
0.36
(0.00)
0.33
(0.01)
0.33
(0.01)
0.31
(0.00)
 
(‘)Each samp1e consists
of a composite of five
fish.
 
 Ana1ysis of spottai1 shiner composites demonstrates that whi1e there is a
significant residue reduction (p 1ess than 0.01) of PCBs, ZDDT, tota1
ch1ordane and mirex at most of the sites samp1ed, PCBs, ZDDT and mirex
residues have remained re1ative1y constant at Twe1ve Mi1e Creek and PCBs have
not
dec1
ined
at 0
ut1e
t Ri
ver.
A11
1982
PCB
resi
due
va1u
es s
ti11
exce
ed t
he
Agreement objective. Mercury residue 1eve1s have remained re1ative1y
unchanged (see Tab1e 2D-3).
Ana1ysis of herring gu11 eggs from 1974 through 1979 indicate an overa11
dec1ine in 1eve1s of six organoch1orine contaminants investigated (Tab1e
2E-4). The dec1ine between 1981 1eve1s and those when concentrations were
greatest for each compound are as fo11ows: DUE-50%, DDT-91%, die1drin-44%,
HCB-57%, mirex-62%, and PCBs-52%. Whi1e the 1981 va1ues are 1ess than those
reported in 1974/75, a pattern of increasing va1ues beginning in 1980 has
emerged. The significance of such increases must await severa1 more years of
co11ection and ana1ysis.
F. CONNECTING CHANNELS
Each of the Connecting Channe1s has been designated by the Water Qua1ity
Boa
rd
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ss
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ST. MARYS RIVER
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MEAN CONCENTRATIO
N (1n ug/g Net We
ight 1 S.D.) 0F S
ELECTED ORGANOCHL
ORINE
TABLE 2E-4
 
CONTAM
INANTS
IN HER
RING G
ULL EG
GS FRO
M TWO
LAKE O
NTARIO
COLONI
ES
Da
ta
So
ur
ce
:
Canada Wi
ldlife Se
rvice, Bu
rlington,
Ontario
 
LAK
E O
NTA
RIO N % FAT
DDE
DDT
DIEL
DRIN
H
C
B MIREX
EP
CB
s
SNAKE
ISLAND
1974
1975
1977
1978
1979
1980
1981
MUGG'S ISLAND
1974
1975
1977
1978
1979
1
9
8
0
1981
1
0
1
0
10
1
0
1
0
1
0
1
0
1
0
1
0
1
O
1
0
7.2 i 1.4
7.8
9.6
9.7
8.6
7.9
9.5
7.8
7.
7
8.
8
8.6
8.7
7.9
8.9
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
1.7
1.5
1.6
0.8
0.6
0.
8
1.2
0.8
1.0
1.0
0.5
0.8
0.
8
21
.0
24
.0
17.0
1
0
.
0
8.
8
7.
1
12.0
23.0
22.0
13.0
11.0
9.0
8.7
10.0
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
9
.
1
6.
1
4.
7
2.9
3.
0
4.
1
4.
5
5.
5
5.5
2.5
3.0
3.
5
6.0
5.2
1.0
0.23
0.
11
0.07
0.06
0.14
0.
11
1.2
0.13
0.
12
0.
10
0.
08
0.10
0.
08
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
1.1 0.47
0.17 0.35
0.06
0.50
0.02
0.28
0.
03
0.
19
0.13 0.20
0.05 0.27
0
.
7
9
0.06
0.
05
0.
05
0.
06
0.04 0.18
0.03
0.28
0.46
0.24
0.
27
0.25
o
7
?
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
.25
.20
.10
.10
.10
.09
.16
.2
1
0.
56
0.22
0.
50
0.35
0.22
0.15
0.26
0.60
0.
45
0.34
0.
28
0.
21
0.20
0.23
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
l
+
1
+
1
+
1
+
1
.39
.20
.11
.12
.12
.08
.11
.08
6.6
6.0
2.
9
1.7
2.
0
1
.
6
2.8
7.4
3.4
2.
1
1.4
1.8
1
.
7
2.
5
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
2.
8
2.3
1.1
0.51
0
.
6
1
0.77
1
.
6
4.7
1.4
0.4
0.7
0
.
9
1.1
1.1
141
181
1
2
1
7
1
63
53
171
111
8
7
75
76
60
72
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
1
+
|
+
1
+
1
+
1
49
5
1
33
1
8
2
3
4
1
2
1
1
9
1
7
30
2
9
3
0
 DETROIT RIVER
.Water
Qua1
ity
of w
ater
in t
he D
etro
it R
iver
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been
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nce
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by t
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Mic
hig
an
Dep
art
men
t o
f N
atu
ra1
Res
our
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(MDN
R).
Dat
a a
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o c
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t w
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1ut
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1oadings to Lake Erie.
Dat
a
fro
m 1
982
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e n
ot
bee
n c
omp
i1e
d.
Dat
a f
rom
198
1,
not
pre
vio
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y
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ed,
sho
w
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t
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1it
y
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po1
1ut
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1oa
ds,
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ind
ica
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st
an
da
rd
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de
xi
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TAB
LE
2F—
1
WATER QUALITY OF RANGE DT 3.9 LOCATED AT THE MOUTH OF THE DETROIT RIVER
Data from the Detroit Mo
nitoring Program carried
on by Michigan were used
to prepare the tabTe shown be10w. Ten stations across the mouth range
3.9 were used in calcuTa
ting the averages for ea
ch Hater Year.
The mean concentrations were deveioped by weighting individua1 concentra—
tions across the range f
or f10w. The weighting
factors used were based
on the percentage of river f10w presented at each station on the range.
MEAN WATER QUALITY DATA - HATER YEAR BASIS
 
HATER HATER HATER HATER HATER HATER WATER WATER WATER WATER WATER WATER WATER
PARAMETERS YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR
69 70 71 72 73‘ 74 75 76 77 78 79 80 81
Pheno1s 1.7 6.1 1.7 1.8 1.5 2.0 2.1 2.7 2.9 1.7 1.2 0.7 0.8
(ug/L)
Tota1 Iron 0.56 0.52 0.37 0.60 0.39 0.35 0.11 0.55 0.42 0.39 0.35 0.30 0.27
(mg/L)
Ch1oride
18 18 16
17 16 16
15 15 15
15 13 13
1
(mg/L)
$01. Phosphorus
0.07 0.08 0.04
0.03 0.02 0.02
0.03 0.02 0.01
0.02 0.00 0.01
(0.00
(mg/L)
Tot. Phosphorus 0.14 0.14 0.08 0.07 0.08 0.05 0.06 0.05 0.04 0.0a 0.03 0.02 0.0?
(mg/L)
Ammonia Nitrogen
0.13 0.13 0.16
0.15 0.10 0.12
0.13 0.10 0.10
0.10 0.08 0.07
0.08
(mg/L)
Nitrate Nitrogen
0.17 0.27 0.28
0.32 0.27 0.27
0.35 0.30 0.25
0.28 0.31 0.32
0.30
(mg/L)
pH (10w va1ue/
7.3/ 7.3/ 7.6/
7.0
high value) 8.
2 8.2 8.3
8.3
_
5
4
_
Diss. Oxygen
8.6 7.
7 7.8
9.1 7.
9
(mg/L)
TABLE 2F—2
LOADINGS T0 LAKE ERIE FROM THE DETROIT RIVER
 
Data from the Detroit River Monitoring Program carried on by Michigan were used to prepare the table below. The table shows the mean daily
loading rate of ten water quality parameters at approximately 3.9 miles upstream of the mouth of the Detroit River. Data at 10 stations across
Range 3.9 were used to calculate the loadings, which represent the amounts of the various materials entering Lake Erie.
The monthly concentration was multiplied by the average daily flow for the month to yield a loading product. These individual products were
weighted for flow by taking into account the percentage of total river flow represented by the sampled station. These weighted loading rates
were summed to yield a mean daily loading rate for the year. Also given is the standard deviation of the loading, enclosed in parentheses, for
each parameter.
PERIOD OF RECORD — WATER YEAR BASIS
Mean Daily Loadings as kg/dayl Passing Range DT 3.9 at the Mouth of the Detroit River
Standard Deviation Expressed as kg/day are in parentheses
_
5
5
_
TOTAL ‘
DISSOLVED
SUSPENDED
TOTAL
SOLUBLE
NITRATE ’ [0111011111
TOTAL
HATER
SOLIDS
SOLIDS
SOLIDS
CHLORIDE
PHOSPHORUS
PHOSPHORUS
NITROGEN
NITROGEN
IRON
PHENOLS
FLOW5
YEAR
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(kg/day)
(m3/Sec)
1969
NA
NA
8,400,000
9,400,000
72,000
37,000
90,000
68,000
290,000
900
6,030
(540,000)
(660,000)
(8,300)
(7,200)
(7,000)
(9,900)
(16 000)
(100)
1970
NA
NA
8,000,000
9,500,000
71,000
42,000
140,000
68,000
270,000
3,100
6,060
(490,000)
(630,000)
(6,200)
(6,600)
(12,000)
(10,000)
(18,000)
(1,400)
1971
87,000,000
81,000,000
6,400,000
8,900,000
42,000
19,000
150,000
84,000
200,000
910
6,260
(2,300,000)
(300,000)
(630,000)
(4,200)
(2,300)
(17,000)
(12,000)
(11,000)
(120)
1972
98,000,000
90,000,000
7,700,000
9,100,000
40,000
18,000
170,000
84,000
330,000
990
6,350
(2,200,000)
(610,000)
(560,000)
(4,100)
(2,500)
(14,000)
(9,300)
(29,000)
(15 )
1973
100,000,000
98,000,000
4,700,000
9,500,000
45,000
12,000
160,000
60,000
230,000
080
6,790
(2,000,000)
(270,000)
(530.000)
(2,600)
(1,100)
(9,500)
(8,000)
(13,000)
(120)
1974
100,000,000
96,000,000
5,100,000
9,500,000
31,000
12,000
160,000
73,000
308,000
1,200
6,820
(1,900,000)
(310,000)
(500,000)
(3,000)
(1 500)
(6,800)
(8,900)
(11,000)
(170)
1975
100,000,000
93,000,000
8,800,000
8,600,000
33,000
14,000
200,000
76,000
240,000
1,300
6,640
(1,600,000)
(510,000)
(390,000)
(3,600)
1,800)
(12,000)
(9,000)
(18,000)
(60)
1976
100,000,000
89,000,000
9,000,000
8,400,000
28,000
8,900
170,000
59,000
320,000
1,600
6,640
(1,800,000)
(610,000)
(430,000)
(2,400)
(820)
(11,000)
(6,700)
(17,000)
(84)
1977
82,000,000
77,000,000
5,400,000
7,100,000
17,000
6,100
120,000
50,000
200,000
1,400
5,640
(1,500,000)
(280,000)
(390,000)
(1,800)
(790)
(6,400)
(6,500)
(11,000)
(81)
1978
85,000,000
79,000,000
6,500,000
7,000,000
17,000
8,300
136,000
49,000
188,000
800
5,740
(1,600,000)
(270,000)
(400,000)
(1,400)
(3,900)
(4,600)
(6,200)
(10,000)
(69)
1979
86,000,000
80,000,000
6,300,000
6,700,000
14,000
2,600
160,000
43,000
186,000
630
6,100
(1,600,000)
(290,000)
(400,000)
(1,000)
(260)
(6,800)
(5,900)
(8,900)
(60)
1980
55,000,000
00,000,000
4,700,000
6 400,000
13 000
3 500
154,000
38,000
152,000
340
5,940
(1,900,000)
(320,000)
(440.000)
1800)
1290)
(6,000)
(5,000)
(9,500)
(30)
1981 80,000,000 75,000,000 4,600,000 5,400,000 9,700 2,100 154,000 40,000 140,000 390 5,904
(1,400,000) (200,000) (330,000) (500) (160) (4,400) (5,300) (15,000) (30)
 
‘lbs/day = kg/day *2.21.
’Summation of dissolved soli
ds and suspended solids.
.
3Nitrate nitrogen for Water Year 1969 through 1972. Nitrate plus nitrite nitrogen to present.
“Not a
vailab
le.
.
sRepresents Detroit River fl
ow on days samples were obta
ined.
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Highest levels of organochlorine pesticides and PCBs were observed on the
United States side of the river in the Fort Wayne, Zug Island, Rouge River and
‘Trenton areas. PCB levels 10 times higher than those along the Canadian shore
were prevalent on the United States side.
NIAGARA RIVER
Water, sediment, and fish from the Tonawanda Channel of the Upper Niagara
River are severely contaminated. The lower Niagara River also exhibits
extensive contamination.
Almost all sediments from the Tonawanda Channel are heavily contaminated
with conventional pollutants, heavy metals, and PCBs in excess of acceptable
concentrations for open water disposal of dredged materials. Many sediments
are also contaminated with high concentrations of other organic substances
primarily from industrial sources. Nine potential or positive carcinogens and
eight organic substances having a potential for chronic aquatic toxicity were
identified. Each was present in at least one sampling location and at a con-
centration of at least 5 mg/kg; the concentrations of some substances exceeded
50 mg/kg. Sediments from the lower Niagara River generally exceeded ac—
ceptable levels for heavy metals. A number of organic compounds have also
been identified in sediment and water samples taken from the river near
industrial landfills.
Numerous organic chemicals of industrial or agricultural origin have been
identified in fish. For those substances for which U.S. Food and Drug
Administration action levels or Canadian federal consumption guidelines have
been established, concentrations are such that most fish are suitable for
unrestricted consum tion. Advisories are in place for larger specimens of
American eel and co 0 salmon, because of elevated levels 0 PCBs and mirex;
although found in the lower Niagara River, these species are generally
resident in Lake Ontario.
Agreement or Ontario objectives were exceeded in some water samples for
PCB,
aldr
in/d
ield
rin,
DDT,
endr
in,
phen
olic
s, h
epta
chlo
r/he
ptac
hlor
epox
ide,
endosulfan, fecal and total coliform, and several heavy metals. Most of the
obs
erv
ed
exc
eed
enc
es
wer
e i
n t
he
Ton
awa
nda
Cha
nne
l a
nd
in
the
low
er
Nia
gar
a
Rive
r.
.
The benthic fauna is disrupted in the Tonawanda Channel and in the lower
Niag
ara
Rive
r.
Toxi
city
was
a li
miti
ng f
acto
r al
ong
the
shor
elin
e of
the
upper Niagara River and was also a problem in the lower Niagara River.
In r
espo
nse
to t
he g
rowi
ng s
hare
d co
ncer
ns a
bout
toxi
c su
bsta
nces
prev
en-
tion of the Niagara River, a joint Canada-United States Niagara River Toxics
Com
mit
tee
(NR
TC)
was
for
med
in
Feb
rua
ry
198l
wit
h r
epr
ese
nta
tio
n f
rom
fed
era
l,
provincial and state environmental agencies. The objectives of the Committee
wer
e t
o:
1)
ide
nti
fy
sou
rce
s o
f p
oll
uti
on,
2)
mak
e r
eco
mme
nda
tio
ns
for
remedial action, and 3) make recommendations for a long-term monitoring
pro
gra
m o
n t
he
riv
er
whi
ch
wou
ld
det
erm
ine
the
eff
ect
ive
nes
s o
f t
he
rem
edi
al
prog
rams
.
The
Comm
itte
e is
near
ing
comp
leti
on o
f it
s th
ree-
year
task
and
a
fin
al
rep
ort
on
the
sta
tus
of
the
riv
er
and
rec
omm
end
ati
ons
for
con
tro
ls
and
monitoring will be available in early l984.
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ST. LAWRENCE RIVER
Elevated mercury and PCB levels in larger sizes of some fish species
con
tin
ue
to
nec
ess
ita
te
adv
iso
rie
s
or
res
tri
cti
ons
on
the
con
sum
pti
on
and
comm
erci
al
sale
of t
hese
fish
. H
owev
er,
the
pros
pect
s ar
e fo
r d
ecli
ning
lev
els
bec
aus
e
of
in
pla
ce
or
pla
nne
d
con
tro
ls.
The
mer
cur
y
pro
ble
m
is
resi
dual
in n
atur
e.
Some
redu
ctio
n of
PCB
leve
ls
in f
orag
e fi
sh h
as o
ccur
red
over
the
las
t t
hre
e y
ear
s,
in
res
pon
se
to
ini
tia
l c
ont
rol
s o
n i
ndu
str
ial
sources in the Massena area.
Elev
ated
feca
l a
nd t
otal
coli
form
leve
ls h
ave
resu
lted
in r
ecre
atio
nal
use
re
st
ri
ct
io
ns
at
so
me
be
ac
he
s
do
wn
st
re
am
of
Co
rn
wa
ll
.
Th
er
e
ar
e
al
so
lo
ca
li
ze
d
viol
atio
ns o
n bo
th
side
s of
the
rive
r f
or s
ome
Agre
emen
t or
juri
sdic
tion
al
obj
ect
ive
s i
ncl
udi
ng
pho
sph
oru
s,
tot
al
phe
nol
ics
, c
ert
ain
hea
vy
met
als
,
PCB
,
and two organochlorine pesticides.
Cont
amin
ants
in s
edim
ents
coll
ecte
d fr
om t
he m
outh
of t
he G
rass
e Ri
ver,
at
Mas
sen
a,
and
alo
ng
the
Cor
nwa
ll,
Ont
ari
o w
ate
rfr
ont
exc
eed
jur
isd
ict
ion
al
guid
elin
es f
or o
pen
wate
r di
spos
al
of d
redg
ed m
ater
ials
for
nutr
ient
s,
heav
y
met
als
,
oil
and
gre
ase
,
and
/or
PCB
s.
Thi
s
con
tam
ina
tio
n
is
pri
mar
ily
res
idu
al.
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 3, Emerging Issues And Developments
The 1978 Water Qua1ity Agreement (Annex 11(1)(d)) Specifica11y states the
need for survei11ance activities to "...determine the presence of new or
hitherto undetected prob1ems in the Great Lakes basin." The reporting of
emerging prob1ems has been a perp1exing one, historica11y for the Survei11ance
Work Group (SWG), as the Agreement requirement seems to imp1y the need for
programs to monitor for unknown or undetected substances. There is present1y
a dichotomy of opinion within the SWG as to whether it is a function of
survei11ance and monitoring programs to purpose1y search for, identify and
quantify hitherto unidentified substances in the Great Lakes ecosystem. Given
the high cost of toxic substances analyses, the Work Group fee1s that efforts
must be more focused on identified substances of concern. The Work Group has
conc1uded that an efficient compromise to reso1ving the conf1ict of undetected
substances is through active communication between its members, the Toxic
Substances Committee, the Aquatic Ecosystem Objectives Committee, and the
research community.
Whi1e the mere presence of certain extreme1y toxic chemica1s is of concern
and, therefore, connotes a prob1em, the Survei11ance Work Group is equa11y
concerned with changes in the concentration trends of a11 such chemica1s. In
particu1ar, the Work Group deems increases in these trends after a period of
substantia1 dec1ine, as was noted in Chapter 2 for some substances, as an
equa11y important definition of an emerging prob1em as is the discovery of
"new" substances in the ecosystem.
This
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ter
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 FIGURE 3A-1 Ring structures of polychlorinated dibenzofurans (PCDFs) and
polychlorinated dibenzo-p-dioxins (PCDDS)
TABLE 3A-l
POSSIBLE NUMBER OF POSITIONAL PCDD AND PCDF ISOMERS*
NO. OF ISOMERS
CHLORINE SUBSTITUTION PCDDS PCDFS
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-
Hepta-
Octa-
*Fran Rappe and Buser l980.
PCDFs occur as trace contaminants in polychlorinated biphenyls (PCBs) and
can be formed from pyrolysis or incomplete combustion of PCBs. PCDFs and
PCDDS also occur as contaminants in the manufacture of chlorinated phenols
(Buser and Bosshardt, l976).
Fewer toxicological studies have been conducted with 2,3,7,8-TCDF than
with TCDD, thus the toxicity of TCDF to fish from water exposures is not well
established (McConnell, l980). The similarities of these compounds, however,
 give reason for concern about the impact of PCDFs on aquatic resources.
Bio-
accumulation factors of 2 to 2.6 x 10“ have been observed for snails, fish
and daphnids (Isensee and Jones, 1975).
Stalling, et a1. (1983) undertook an assessment of the isomer distribution
and total concentration of PCDFs and PCDDs in the Great Lakes. Whole fish
samples were largely obtained from the National Pesticide Monitoring Program
of the U.S. Fish and Wildlife Service but the U.S. EPA, Michigan DNR, New York
Departnent of Environmental Conservation and the Departnent of Fisheries and
Oceans also contributed fish samples. The distribution and concentration of
these chemicals are listed in Tables 3A—2 and 3A—3.
Concentrations of PCDFs were lowest in lake trout samples from Lake
Siskiwit on Isle Royale, Lake Superior, and in walleye from Lake St. Clair
(Table 3A—2). Levels of PCDFs were greater in fish from Lakes Erie, Ontario,
Michigan and Superior. The greatest PCDF concentrations were observed in fish
from Saginaw Bay (153 ng/L) and the Tittabawassee River near Midland, Michigan
(290 ng/L). The ratio of PCDF residues to PCB content strongly suggest the
PCDF residues are correlated with PCB residues in the samples (Table 3A-3).
Except for the recent discovery of TCDD from Peninsula Harbour, Lake
Superior, (OMOE, 1983), fish from Lakes Superior and Siskiwit do not apparent-
ly contain measurable levels of TCDD or other PCDDs. Samples from Lake
Michigan and Erie showed lowlevels of PCDDs (Table 3A—3). Those fish analyz-
ed from Lake Ontario and Huron (except Saginaw Bay) showed moderate levels
relative to Saginaw Bay and the Niagara River. The fish from Saginaw Bay and
Niagara River, including the tributary stream Cayuga Creek, had high levels of
PCDDs, including 2,3,7,8-TCDD.
Stalling, et a1. (1983) stated that measurable isomer specific analyses
confirmed that the tetrachlorodioxin residues are composed predominately, or
exclusively, of the 2,3,7,8-tetrach1orodibenzo-p-dioxin isomer.
Samples from Saginaw Bay, Tittabawassee River, Niagara River and Cayuga
Creek contain the most complex mixture of PCDD and PCDF congeners. The
residue data suggest a somewhat different distribution of congeners in samples
from Saginaw Bay and the Niagara system than in samples fran the other Great
Lakes. Pollution with PCDDs is low in the Great Lakes except for Lakes
Ontario and Huron. However, PCDFs were detected in all of the Great Lakes
fish analyzed. Stalling, et a1. (1983) cites trace occurrences of methylated
chlorophenoxyphenols in their samples as a suggestion that commercial chloro-
phenols may contribute to the environmental pollution of PCDDs and PCDFs in
Lakes Ontario and Superior.
The occurrence of low levelsof PCDFs in fish from Lake Siskiwit suggests
that atmospheric transport of PCDFs and PCBs may be involved. With the occur-
rence of PCDDs in material frun various combustion sources (Bunb, et al.,
1980; Rappe, et al., 1979), the absence of PCDDs in the fishes in Lake
Siskiwit and the area waters of Lake Superior is a curious phenomenon.
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 TABLE 3A— 2
DIBENZOFURAN RESIDUES IN PARTS PER TRILLION (“G/k9)
IN SAMPLES FROM THE GREAT LAKES
Data Source: U.S. Fish and Wildlife Service, CoTunbia, Missouri
COLLECTION SAMPLE AND NUMBER OF CHLORINES RATIO
DATE SITE 4 S 6 7 8 TOTAL 4 CI/TOTAL
LAKE SUPERIOR
BIoater
FaTT 1979 Keweenaw Bay 26 9 2 1 2 40 26/40=0.65
Lake Trout
‘ Winter 1979 IsTe Roya1e,
Lake Siskiwit 1O 5 ND ND trace 15 19/15=0.67
FaTI 1979 ApostTe IsTands 19 S 5 4 3 36 19/36=0.53
LAKE MICHIGAN
Lake Trout
Saugatuck,
FaTT 1979 Sampie #1 35 41 8 1 1 86 35/86=0.41
SampTe #2 33 61 10 4 2 110 33/1]0=0.30
Comon Carp
FaTT 1980 *Waukegan 29 3 ND ND ND 32 29/32:.91
Largemouth Bass
Fa11 1980 *Haukegan 68 28 2 ND ND 98 68/98=.69
LAKE HURON
Lake Trout
Sunner 1980 *Burnt IsTand 19 9 242 <1 <1 270 19/270=0.07
Fa11 1979 Rockport, MI 32 28 16 9 6 91 32/91=o.35
(Dupiicate anaTyses) 19 29 16 4 2 70 19/70=O.27
Comon Carp
Winter 1979 Saginaw Bay at Bay City 27 44 34 44 4 153 27/153=0.18
FaTT 1979 Bay Port 5 l2 5 6 1 29 5/29=0.17
Fa11 1978 Tittabawassee River,
Midiand, MI 37 73 145 31 4 290 37/290=O.13
LAKE ST. CLAIR
Haileye
Fall 1979 Anchor Bay 4 4 0. O. 3 12 4/12=O.33
LAKE ERIE
Conmon Carp
Fali 1979 Port Clinton 5 5 2 4 2 18 5/18=0.28
Na11eye
FaTT 1979 Cedar Point, 0H 18 9 6 5 2 40 18/40=0.45
Brown 8u11head
Winter 1981 Mouth of BTack River 2 ND ND ND ND 2 1
NIAGARA RIVER
Conmon Carp
Summer 1979 Niagara River at Fort
Niagara 6 75 139 49 6 275 6/275=.02
Summer 1980 Cayuga Creek, Trib.
to Niagara River 5 80 215 324 388 1,012 5/1,012=.005
LAKE ONTARIO
Lake Trout
Fa11 1980 *BurTington 40 24 10 ND ND 74 40/74=0.54
Rainbow Trout
Fa11 1980 *Toronto Harbour 39 10 2 ND ND 51 39/51=0.76
Brown Trout
Fa11 1979 RooseveTt Beach 19 4 3 3 3 32 19/32=0.59
Lake Trout
FaTT 1979 Oswego, New York 34 48 29 6 2 119 34/119=O.28
*Singie whoTe fish sampies coTTected at these Tocations.
D = Not Detected.
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Suns (l983) reported additional data on 2,3,7,8-TCDD in the Niagara
River. Five locations in the river were sampled from the upper to the lower
part. Two composites of young-of-the-year spottail shiners were analyzed from
each location except Frenchman Creek where one composite was tested (Table
3A-4). The residue levels at all sample locations appear to be elevated above
background. Indications are that the TCDD in the Niagara River is from one or
more local point sources.
Eggs from an additional colony of herring gulls has been analyzed for
2,3,7,8-TCDD since this information was last reported in the l98l Appendix B
(NQB). Eggs from Fighting Island located in the Detroit River, contain ap—
proximately 40 ng/kg (Figure 3A-2). This concentration of 2,3,7,8—TCDD is
well above background, as measured in some other locations of the Great
Lakes. With the addition of these data it appears that Saginaw Bay of Lake
Huron, the Detroit River and Lake Ontario may have point source contamination
of TCDD.
The residue data presented for fish tissue and herring gull eggs suggest
that the presence of PCDDs in biota within the Great Lakes basin is strongly
influenced by point source discharges. This was also the conclusion presented
in the Board's l98l and l982 reports.
This discussion of levels of PCDFs and PCDDs in the fish of the Great
Lakes presents the most recent information available. The potential adverse
effects on reproduction and survival of Great Lakes fish and other aquatic
organisms remains unknown.
B. A PERSPECTIVE 0N POLYCYCLIC AROMATIC HYDROCARBONS IN THE GREAT LAKES
INTRODUCTION
Polycyclic aromatic hydrocarbons (PAH) are a class of compounds with a
basic structure consisting of carbon and hydrogen atoms arranged in two or
more fused aromatic (benzene) rings. They are of concern because many of the
cong
ener
s ca
n be
carc
inog
enic
and/
or m
utag
enic
. T
he
term
also
cove
rs
fuse
d
aromatic systems containing a cyclopentene ring or hetero atoms of sulfur or
nitrogen. This report will consider only the hydrocarbons, which range from
the two-ring compound naphthalene (C1oHa) to the seven—ring compound coronene
(Czquz). Permutations of the spatial orientation of the rings and multiple
types of substitution lead to a large number of PAH congeners. Of this large
group, those most often reported in environmental samples are illustrated in
Figure 3B-l.
PAHs are products of the incomplete combustion of organic materials, for
example, forest fires or the burning of fossil fuels. As is to be expected
from such commonly available source material, PAH are ubiquitous in the
environment (Hites et al., 1980), with elevated concentrations reported near
urban areas (Laflamme and Hites, l978; Nakeham et al., l980a). The predomin-
ant compounds found in atmospheric samples (Gordon, 1976; Strand and Andren,
1980) and sediments (Laflamme and Hites, 1978) are the unsubstituted parent
compounds (Figure 38-1). These are primarily generated at temperatures in
excess of 400°-500°C. At lower combustion temperatures, alkyl-substituted
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 TABLE 3A-4
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN RESIDUE IN PARTS PER TRILLION
(“Q/k9) IN NHOLE FISH COMPOSITE SAMPLES OF YOUNG-OF-THE-YEAR
SPOTTAIL SHINERS FROM THE NIAGARA RIVER
Data Source: Ontario Ministry of the Environment, Rexda1e, Ontario
COLLECTION SAMPLE CONCENTRATION
DATE SITE 2,3,7,8-TCDD
Upper Niagara
Sept
. 19
81
Fren
chma
n Cr
eek
Comp
osit
e 1
15
Sept. 1981 102nd Street Composite 1 4
Niagara Fa11s, New York Composite 2 11
Sept. 1981 Cayuga Creek Composite 1 60
(Co
nf1
uen
ce
wit
h L
itt
1e
Riv
er)
Com
pos
ite
2
58
Lower Niagara
Sept
. 1
981
Pegg
y's
Eddy
Comp
osit
e 1
3
(New York side) Composite 2 11
Sept
. 19
81
Niag
ara-
on-t
he-L
ake
Comp
osit
e 1
13
(at
Lak
e O
nta
rio
)
Com
p05
1te
2
14
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FIGURE 3A-2 2, 3, 7, 8-TCDD concentration in herring gull eggs in 1980 from
selected Great Lakes nesting colonies.
Data Source." Canada Wildlife Service, Bur/ington, Ontario
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1i
br
iu
m
pa
rt
it
io
n
co
ef
-
ficient (Kp):
=
co
nc
en
tr
at
io
n
in
pa
rt
ic
u1
at
e
ph
as
e
(m
g/
L)
co
nc
en
tr
at
iO
n
in
di
ss
o1
ve
d
ph
as
e
(m
g/
L)
 
Se
ve
ra
1
in
ve
st
ig
at
or
s
ha
ve
re
ce
nt
1y
pu
b1
is
he
d
on
th
is
to
pi
c
(C
hi
ou
et
a1
.,
19
77
;
He
rb
es
,
19
77
;
Me
an
s
et
a1
.,
19
79
;
an
d
Ka
ri
ck
ho
ff
et
a1
.,
19
79
).
lﬁ
e
mo
st
co
mp
re
he
ns
iv
e
of
th
es
e
st
ud
ie
s
wa
s
a
re
vi
ew
by
Ke
na
ga
an
d
Go
ri
ng
(1
97
9)
,
wh
o
de
ri
ve
d
th
e
fo
11
ow
in
g
re
1a
ti
on
sh
ip
:
Tog K C = 3.64 - 0.55 109 NS
=
10
8
co
mp
ou
nd
s
r
=
—0
.8
4,
wh
er
e
HS
=
so
1u
bi
1i
ty
in
wa
te
r
(m
g/
L)
an
d
K0
C
=
(1
00
x
Kp
)/
(%
or
ga
ni
c
carbon of the substrate).
Re
po
rt
ed
so
1u
bi
1i
ti
es
of
PA
H
in
di
st
i1
1e
d
wa
te
r
(t
ab
u1
at
ed
in
Ne
ff
,
19
79
,
an
d
in
Le
e
an
d
Gr
an
t,
19
82
)
ra
ng
e
fr
om
ap
pr
ox
im
at
e1
y
1
mg
/L
fo
r
ph
en
an
th
re
ne
to
0.
1
pg
/L
fo
r
co
ro
ne
ne
.
Me
an
so
1u
bi
1i
ti
es
an
d
Ko
c
va
1u
es
ca
1c
u1
at
ed
fr
om
th
e
ex
pr
es
si
on
ab
ov
e
ar
e
1i
st
ed
in
Ta
b1
e
3B
-1
.
Lo
g
K0
C
va
1u
es
fo
r
py
re
ne
me
as
ur
ed
by
Me
an
s
et
a1
.
(1
97
9)
av
er
ag
ed
4.
82
an
d
th
os
e
me
as
ur
ed
by
Ka
ri
ck
ho
ff
et
a1
.
(1
97
9)
on
si
lt
s
an
d
c1
ay
av
er
ag
ed
5.
05
.
Th
es
e
re
su
1t
s
in
di
ca
te
th
at
th
e
ca
1c
u1
at
ed
K0
c
va
1u
es
in
Ta
b1
e
3B
—1
ma
y
be
10
ti
me
s
to
o
10w.
Th
e
eq
ui
1i
br
iu
m
di
st
ri
bu
ti
on
of
PA
H
in
th
e
wa
te
r
co
1u
mn
of
th
e
Gr
ea
t
La
ke
s,
ca
1c
u1
at
ed
fr
om
th
is
in
fo
rm
at
io
n,
is
i1
1u
st
ra
te
d
in
Fi
gu
re
38
-2
.
Th
e
fr
ac
ti
on
of
co
nt
am
in
an
t
as
so
ci
at
ed
wi
th
th
e
di
ss
o1
ve
d
ph
as
e
is
eq
ua
1
to
:
= 1 ,
fd + Kp M
wh
er
e
TS
M
re
pr
es
en
ts
th
e
co
nc
en
tr
at
io
n
of
to
ta
1
su
5p
en
de
d
ma
tt
er
(9
/9
).
Th
e
Gr
ea
t
La
ke
s
va
ry
in
th
ei
r
op
en
1a
ke
TS
M
co
nc
en
tr
at
io
ns
as
sh
ow
n
be
10
w
(3
e1
1,
1982):
 
La
ke
Ap
pr
ox
im
at
e
TS
M
(m
g/
L)
Su
pe
ri
or
0.
Michigan
Huron
Erie
Ontario
In
sh
a1
1o
w
ne
ar
sh
or
e
re
gi
on
s,
TS
M
co
nc
en
tr
at
io
ns
ar
e
ge
ne
ra
11
y
gr
ea
te
r
by
a
fa
ct
or
of
tw
o
or
mo
re
.
Th
e
ra
ng
e
of
TS
M
i1
1u
st
ra
te
d
in
Fi
gu
re
33
-2
(1
—1
0
mg
/L
)
is
co
rr
ec
t
ov
er
mo
st
of
th
e
Gr
ea
t
La
ke
s.
In
th
e
up
pe
r
th
re
e
Ta
ke
s,
 TABLE 33-]
SUl'MARY OF WATER SOLUBILITY AND PARTITIONING INFORMATION
MEAN 0F REPORTED CALCULATED
CCMPOUND SOLUBILITIES (mg/kg)1 LOG1o Koc
Naphthalene 31.3 2.82
Phenanthrene 1.24 3.59
Ant
hra
cen
e
0.0
62
4.3
0
Pyre
ne
0.14
2
4.11
Chr
yse
ne
0.0
018
5.1
5
Flu
ora
nth
ene
0.2
42
3.9
8
Ben
zo(
a)p
yre
ne
0.0
039
4.9
7
Per
yle
ne
0.0
004
5.5
1
Ben
zo(
ghi
)pe
ryl
ene
0.0
002
6
5.6
1
Cor
one
ne
0.0
001
4
5.7
6
1Compiled data from Lee and Grant (1982).
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Th
e
eq
ui
li
br
iu
m
di
st
ri
bu
ti
on
of
P
A
H
(a
nd
ot
he
r
or
ga
ni
c
co
nt
am
in
an
ts
)
wi
th
in
th
e
wa
te
r
co
lu
mn
of
th
e
Gr
ea
t
La
ke
s.
Th
e
fr
ac
ti
on
of
di
ss
ol
ve
d
co
nt
am
in
an
t
is
de
fi
ne
d
as
fd
=
1/(
l
+
Kp
*T
SM
).
Ko
c(
10
)
re
pr
es
en
ts
th
e
pa
rt
it
io
n
co
ef
fi
ci
en
t
as
su
mi
ng
1
0
%
su
bs
tr
at
e
or
ga
ni
c
ca
rb
on
,
eq
ui
va
le
nt
to
10
*K
p.
Th
e
wa
te
r
so
lu
bi
li
ty
is
ca
lc
ul
at
ed
fr
om
th
e
ex
pr
es
si
on
of
Ke
na
ga
an
d
Go
ri
ng
(1
97
9)
.
(S
ee
te
xt
).
Th
e
re
gi
on
of
P
A
H
pa
rt
it
io
ni
ng
is
in
di
ca
te
d.
At
eq
ui
li
br
iu
m
th
e
P
A
H
ar
e
p
r
e
d
o
m
i
n
a
t
e
l
y
in
th
e
di
ss
ol
ve
d
fo
rm
.
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 ap roximately 90% of the water column inventory of PAH will be in the dis—
so ved phase. Only in nearshore regions or western Lake Erie will a substan-
tial fraction of the low solubility PAHs be associated with particles.
Decomposition of PAH in the water column is primarily through photo—oxida—
tion
(Nat
iona
l A
cade
my o
f Sc
ienc
e, 1
982)
. B
enzo
(a)p
yren
e (
BaP)
, f
or e
xamp
le,
has a half—life of less than 1.0 hour when exposed to sunlight; however, the
near-ultraviolet light that supplies the energy for these reactions is rapidly
attenuated within the first few meters of the water colunn, greatly reducing
the amount of BaP removed by this process.
Transport of PAH out of the water column occurs through sorption to
particles and particle settling. Fecal pellets were identified as the primary
transport vehicle for PAH in a marine bay (Prahl and Carpenter, 1979).
Preliminary evidence suggests that fecal pellets play a similar role in Lake
Michigan (M. Evans, University of Michigan, personal communication). These
are relatively large and have settling speeds of tens of meters per day,
rapidly removing PAH from the euphotic zone. Biological decomposition is at a
maximum near the sediment/water interface (Gardner et al., 1979; Lee et al.,
1981) and competes with burial as the predominant removal mechanism in the
Great Lakes.
The distribution of PAH in various sedimentary environments around the
world, although complex (Laflamme and Hites, 1978; Hites et al., 1980), is
usually dominated by fluoranthene and pyrene in about equal concentrations and
is consistent with the hypothesis of a combustion source. Concentrations of
these compounds range from a few ug/kg in regions remote from urban environ-
ments up to approximately one mg/kg in sediments fran the New York Bight.
Similarly hi h concentrations (*1 ppn) were reported for Lake Washington
(Se
att
ggé
HA
and
thr
ee
Swi
ss
lak
es
(all
clo
se
to
urb
an
sou
rce
s)
(Na
keh
am
gt
a ., a .
PAH In The Great Lakes
 
The Great Lakes are the focus of a heavily populated and industrialized
reg
ion
and
, a
s p
rev
iou
sly
des
cri
bed
, s
uch
are
as
are
exp
ect
ed
to
rec
eiv
e l
arg
e
loads of PAH. Estimates of the load of PAH to the Great Lakes (Table 38-2)
are
simi
lar
to m
axim
um e
stim
ates
of P
CB a
nd D
DT l
oads
to t
he s
ame
regi
on.
Load estimates are based on a very sparse data base, and thus are subject to
imp
rov
eme
nt
as
mor
e i
nfo
rma
tio
n b
eco
mes
ava
ila
ble
.
In
add
iti
on
to
atm
osp
her
ic
input, tributary input can be estimated fran suspended solids load data of
Son
zog
ni
et
a1.
(197
9)
and
Sul
liv
an
et
a1.
(198
0)
and
an
est
ima
te
of
50
PQ
/k
g
fl
uo
ra
nt
he
ne
or
py
re
ne
fo
r
so
il
fr
om
Hi
te
s
et
a1
.
(1
98
0)
.
Ba
se
d
on
these assumptions, PAH via tributary input is approximately 10% of the level
att
rib
ute
d t
o a
tmo
sph
eri
c i
nput
.
Sho
rel
ine
ero
sio
n a
nd
dif
fus
e s
our
ces
wou
ld
also
cont
ribu
te s
mall
amou
nts,
but
dire
ct a
tmos
pher
ic
inpu
t ap
pear
s to
be t
he
major source of PAH to the Great Lakes.
Because of their low solubility and concentration, data on PAH in the
wate
r co
luun
are
very
limi
ted.
Worl
dwid
e co
ncen
trat
ions
of B
aP r
ange
d fr
om
appr
oxim
atel
y 0.
1 to
100
ng/L
(Nef
f, 1
979)
.
BaP
(0.3
ng/L
) an
d to
tal
PAH
(4.7
ng/L
) we
re f
ound
in L
ake
Erie
near
Buff
alo
(Bas
u an
d Sa
xena
, 19
79).
Larg
e
volumes of treated municipal drinking water taken from 12 plants using Great
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 TABLE 3B-2
ATMOSPHERIC FLUX 0F PAH TO THE GREAT LAKES
(MT/yr)
L A K E
COMPOUND SUPERIOR1 MICHIGAN1 MICHIGAN2 HURON1 ERIE1 ONTARIO1
Phenanthrene 4.8 3.4 2.1 3.5 1.5 1.1
Anthracene 4.8 3.4 2.1 3.5 1.5 1.1
F1uoranthene — - 3.6 - - -
Pyrene 8.3 5.9 4.0 6.1 2.6 1.9
Benzo(a)anthracene 4.1 2.9 3.3 3.0 1.5 1.1
Benzo(a)pyrene 7.9 5.6 4.0 5.8 2.5 1.8
Pery1ene 4.8 3.3 2.1 3.4 1.5 1.1
1Eisenreich et a1. (1981).
2Andren and Strand (1981).
Lakes water yie1ded re1ative1y high concentrations of pyrene (11.2 t 20.0
and 3.9 i 10.2 ng/L)* and f1uoranthene (9.2 i 12.0 and 10.6 i 25.0)
Wi11iams et a1., 1982). F1uoranthene (15 1 9 ng/L), Pyrene (14 1 6 ng/L),
and BaP (7 i 4 ng/L) were found in fi1tered offshore waters of southern Lake
Michigan (Eadie, 1983). The concentration of these compounds on suspended
partic1es was 2-4 pg/g. At a concentration of 1 mg/L of TSM, more than 75%
of these PAH are estimated to be in the disso1ved phase.
PAH concentrate in the sediments, and there have been severa1 ana1yses of
Great Lakes sediments for these compounds (Tab1e 3B-3). In genera1, high
sediment PAH concentrations are associated with fine-grained, organic rich
sediments whereas 10w va1ues are from nearshore, sandy environments.
PAH in Lake Superior sediments are 10 times 1ower than those in the 1ower
1akes. Lake Michigan sediments have the highest PAH concentration. This
observation supports the hypothesis of 1oca1ized urban sources, since the Lake
Superior region is heavi1y forested and undeve1oped, whi1e the region around
southern Lake Michigan (where six of the sediments were co11ected) is heavi1y
industria1ized. The distribution of measured PAH congeners in Great Lakes
sediments is simi1ar in a gross sense to concentrations in sediments reported
by Hites et a1. (1980), Laf1amme and Hites (1978), Wakeham et a1. (1980a), Tan
and Heit (I98I), and Eadie et a1. (1982a,b) for environments that receive PAH
from anthropogenic sources. Characteristica11y, these are highest in
unsubstituted f1uoranthene and pyrene, with 1arge concentrations of
phenanthrene, chrysene (p1us tripheny1ene), and BaP.
*The numbers in parenthesis represent the mean i 1 standard deviation for
winter and summer samp1es, respective1y.
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TABLE 3B-3
RANGE OF CONCENTRATIONS 0F PAH IN GREAT LAKES
SURFICIAL SEDIMENTS (ng/g dry)
L A K E
SUPERIORI MICHIGAN 2 HURON 2 ERIE 2, 3 ONTARIOZ,“
COMPOUND (n=1) (n=10) (n=3) (n=4) (n=5)
Phe
nan
thr
ene
34
6-1
268
11-
272
18-
431
40-
205
F1uo
rant
hene
88
9—15
64
33-4
87
65-2
85
210—
1000
Pyr
ene
53
-
8-1
430
36-
256
57-
287
56-
118
2
BaP
28
4-94
4
23—2
94
56—1
73
76-
306
1Gischwend and Hites (1981).
zEadie et a1. (1982b, 1983).
3Eadie et al. (1982a).
I’IJC (1977).
More detai1ed information on the distribution of PAH in Lake Michigan
sed
ime
nts
is
pre
sen
ted
in
Tab
1e
3B-4
.
Sta
tio
ns
11
and
T6
are
1oc
ate
d i
n
regi
ons
wher
e se
dime
nts
are
not
accu
mu1a
ting
(Cah
i11,
1981
).
The
othe
r se
ven
sta
tio
ns
are
in
reg
ion
s o
f r
ece
nt
sed
ime
nt
dep
osi
tio
n.
The
dis
tri
but
ion
of
the
f1uo
rant
hene
conc
entr
atio
ns
for
thes
e ni
ne s
tati
ons
(Fig
ure
33-3
) is
in
gen
era
1
agr
eem
ent
wit
h t
he
map
of
ch1
ori
nat
ed
org
ani
c c
ont
ami
nan
ts
(wh
ose
sour
ce i
s a1
so p
rima
ri1y
atmo
sphe
ric)
(Fra
nk e
t a1
., 1
981)
.
It a
ppea
rs t
hat
TABLE 38-4
LAKE MICHIGAN SEDIMENT PAH (ug/kg dry)
CHRYSENE +
STA
TIO
N
PHE
NAN
THE
NE
FLU
ORA
NTH
ENE
PYR
ENE
TRI
PHE
NYL
ENE
BaP
T1 28 34 3O 36 33
T2
809
906
733
-
450
T3* 1,268 1,664 1,430 1,128 944
T4
308
445
363
319
251
T5 537 794 665 522 248
T6
19
62
38
41
26
T7 298 620 421 554 572
T8
245
419
319
348
571
T11 263 431 318 543 324
*Ca
1cu
1at
ed
PAH
coe
ffi
cie
nts
of
var
iat
ion
(%)
for
rep
1ic
ate
(3-4
) a
na1
yse
s o
f
rep1icate (3) extracts from station T3 are: 27.6, 13.0, 11.6, 19.4, 18.5,
respective1y. Data Source: Great Lakes Environmenta1 Research Laboratory
(NCAA), Ann Arbor, Michigan.
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FIGURE 3B-3 The distribution of fluroanthene (ng/g) in the surficial
sediments of Lake Michigan.
Data Source: Great Lakes Environmental Research Laboratory (NOAA), Ann
Arbor, Michigan.
  
the
fina
l s
edim
enta
ry d
istr
ibut
ion
of P
AH a
nd o
ther
hydr
opho
bic
orga
nics
will
be controlled by processes that affect the movement of the fine-grained,
organic rich sediments to which they are attached.
The information from the previous discussion can be used to estimate a
simple steady—state mass balance for PAH in the Great Lakes. Figure 3B—4
illu
stra
tes
such
a ca
lcul
atio
n f
or B
aP i
n La
ke M
ichi
gan.
The
numb
ers
shou
ld
be c
onsi
dere
d un
cert
ain
to a
bout
i 50
% at
this
time
. T
he l
oss
of 2
.8 m
etri
c
tonn
es
(MT)
of B
aP p
er y
ear
(cal
cula
ted
by d
iffe
renc
e)
indi
cate
s d
ecom
posi
tion
of approximately 50% of the load. If the concentration in the water is
divi
ded
by t
he l
oad,
the
resu
lt i
ndic
ates
a re
lati
vely
long
appa
rent
resi
denc
e
time
of a
ppro
xima
tely
seve
n ye
ars
for
Ba?
in L
ake
Mich
igan
wate
r.
The
larg
e
rese
rvoi
r of
BaP
in t
he s
urfi
ciaT
sedi
ment
s ma
y ac
t as
an i
mpor
tant
sour
ce
for
the
wate
r co
lumn
thro
ugh
resu
spen
sion
and
diff
usio
n.
The
Toad
of 5
MT/y
r,
equivalent to 8.5 ng/cmz/yr, is higher (by a factor of 35) than that
calc
ulat
ed b
y Gi
schw
end
and
Hite
s (l
98l)
frdn
a co
re i
n La
ke S
uper
ior,
but
Tower than their reported fluxes for urban sites.
Lake Michigan BaP Budget
(MT or MT/yr)
 
  
Dissolved 27 7
3 Sediments 450 2
FI
GU
RE
3B-
4
La
ke
Mi
ch
ig
an
ben
zo(
a)p
yre
ne
bud
get
. T
he
inp
ut
(~5
MT/
yr)
is
-
fro
m T
abl
e 3
B-2
. C
onc
ent
rat
ion
in t
he
wat
er
col
umn
(7
ng/
L,
80
%
dis
sol
ved
) i
s f
ro
m
Ead
ie
(19
83)
mul
tip
lie
d b
y t
he
vo
lu
me
of
the
lak
e a
nd
dis
tri
but
ed
as
27
MT
dis
sol
ved
an
d
7 M
T
ass
oci
ate
d w
ith
par
tic
ula
te
mat
ter
. S
ed
im
en
ta
ti
on
is
es
ti
ma
te
d f
ro
m
rec
ent
ac
cu
mu
la
ti
on
dat
a (
Ro
bb
in
s a
nd
Edg
ing
ton
, 1
975
) a
nd
tra
p f
lux
es
(Ch
amb
ers
and
Ead
ie,
198
1),
bot
h o
f w
hic
h a
re
app
rox
ima
tel
y 7
mg/
cmz
lyr
. T
his
fig
ure
wa
s
mul
tip
lie
d b
y t
he
lak
e a
rea
and
a B
aP
con
cen
tra
tio
n o
f 5
00
ng/
g (
Tab
le
3B-
4).
Sed
ime
nt
inv
ent
ory
wa
s e
sti
mat
ed
for
the
upp
er
3 c
m (
wel
l m
ixe
d 2
.6
g/c
m",
80
%
por
osi
ty)
. T
he
los
ses
of
app
rox
ima
tel
y 2
.8
MT/
yr
wer
e c
alc
ula
ted
by
dif
fer
enc
e.
Biological Effects
The
com
ple
x m
ixt
ure
s a
nd
rel
ati
vel
y h
igh
con
cen
tra
tio
n o
f P
AH
in
Tak
e
sed
ime
nt
has
rai
sed
que
sti
ons
reg
ard
ing
the
exp
osu
re
of
ben
thi
c
org
ani
sms
to
the
se
com
pou
nds
, r
esu
lta
nt
bi o
con
cen
tra
tio
n
fac
tor
s,
and
the
tra
nsf
er
of
the
se
com
pou
nds
up
the
foo
d
cha
in
to
fis
h.
In
gen
era
l,
fis
h
and
som
e
inv
ert
ebr
ate
s
-75-
 have
indu
cib1
e, m
ixed
-fun
ctio
n ox
idas
e sy
stem
s ca
pab1
e of
oxid
izin
g PA
H,
resu
ltin
g in
1ow
bioc
once
ntra
tion
fact
ors.
Othe
r in
vert
ebra
tes
may
1ack
the
- ap
pro
pri
ate
enz
yme
s f
or
bio
tra
nsf
orm
ati
on,
res
u1t
ing
in
1ar
ge
bio
con
cen
tra
tio
n
factors. Neff (1979) summarizes a great dea1 of information on bio1ogica1
upt
ake
, a
ccu
mu1
ati
on,
and
deg
rad
ati
on
in
the
aqu
ati
c e
nvi
ron
men
t.
Rec
ent
ana1
yses
of o
1igo
chae
te w
orms
and
chir
onom
ids
from
Lake
Erie
and
Pont
o or
ia
fro
m L
ake
Mic
hig
an
(Ea
die
et
a1.,
198
2a,
b)
hav
e s
how
n t
hat
the
PAH
con
cen
tra
—
tion
s in
thes
e or
gani
sms
are
simi
1ar
to t
hose
foun
d in
the
fine
-gra
ined
frac
-
tio
n o
f t
hei
r s
edi
men
tar
y e
nvi
ron
men
t.
Bio
con
cen
tra
tio
n f
act
ors
in
Pon
top
ori
a
hoy
i,
the
mos
t a
bou
nda
nt
ben
thi
c o
rga
nis
m (
by
mas
s)
in
Lak
e M
ich
iga
n,
ran
ged
fro
m 1
0“
to
105
wit
h r
esp
ect
to
the
ove
r1y
ing
wat
er
con
cen
tra
tio
ns
of
sev
en
mea
sur
ed
PAH
.
Rec
ent
1ab
ora
tor
y e
xpe
rim
ent
s w
ith
thi
s o
rga
nis
m c
onf
irm
the
se
bio
con
cen
tra
tio
n
fac
tor
s
for
ant
hra
cen
e
and
BaP
(La
ndr
um,
198
2).
In
Pon
top
ori
a f
rom
rec
ent
(fi
ne-
gra
ine
d)
sed
ime
nts
, c
onc
ent
rat
ion
s o
f s
eve
ra1
PAH
exc
eed
ed
| m
g/k
g
(we
t w
t.)
(Ea
die
et
a1.
,
198
2b)
.
Do
the
se
con
cen
tra
tio
ns
pre
sen
t a
ser
iou
s t
hre
at
to
Gre
at
Lak
es
fis
h?
The
pr
im
ar
y
co
nc
er
n
is
th
e
ab
i1
it
y
of
PA
H
to
ca
us
e
ca
nc
er
(J
on
es
an
d
Le
be
r,
19
79
;
Ge1
boi
n
and
Ts'
o,
197
8).
Acu
te
tox
ici
ty
fro
m
the
se
com
pou
nds
is
of
maj
or
si
gn
if
ic
an
ce
on
1y
in
th
e
im
me
di
at
e
ar
ea
of
an
oi1
sp
i1
1.
In
ad
di
ti
on
,
Le
ve
rs
ee
et
a1.
(1
98
2)
re
ce
nt
1y
de
sc
ri
be
d
a
hi
gh
ac
ut
e
mo
rt
a1
it
y
ra
te
fo
r
su
nf
is
h
ex
po
se
d
to
ug
/L
co
nc
en
tr
at
io
ns
of
an
th
ra
ce
ne
in
th
e
pr
es
en
ce
of
su
n—
1i
gh
t.
Be
nz
o(
a)
py
re
ne
ad
ve
rs
e1
y
af
fe
ct
ed
th
e
ha
tc
hi
ng
an
d
ea
r1
y
de
ve
1o
pm
en
t
of
f1
at
fi
sh
(H
os
e
et
a1
.,
19
80
)
at
ve
ry
10
w
ug
/L
1e
ve
1s
.
Th
e
1i
mi
te
d
am
ou
nt
of
wo
rk
on
the
ch
ro
ni
c
re
sp
on
se
of
aq
ua
ti
c
or
ga
ni
sm
s
ha
s
be
en
su
mm
ar
iz
ed
in
Ne
ff
(1
97
9)
an
d
Ma
1i
ns
an
d
Ho
dg
in
s
(1
98
1)
.
Bo
th
re
vi
ew
s
ag
re
e
th
at
me
as
ur
ab
1e
ef
fe
ct
s
of
ch
ro
ni
c
ex
po
su
re
ar
e
pr
ob
ab
1y
1i
mi
te
d
to
p0
11
ut
ed
co
as
ta
1
en
vi
ro
nm
en
ts
or
lo
ca
ti
on
s
of
oi
1
sp
i1
1s
an
d
th
at
th
es
e
1oc
ati
ons
are
usu
a11
y
con
tam
ina
ted
wit
h
a w
ide
var
iet
y
of
po1
1ut
ant
s,
mak
ing
it difficu1t to distinguish between cause and effect.
Si
nc
e
fi
sh
ca
n
en
zy
ma
ti
ca
11
y
ox
id
iz
e
PAH
,
mo
ni
to
ri
ng
the
am
bi
en
t
1e
ve
1s
of
PAH
in f
ish
tiss
ue d
oes
not
meas
ure
thei
r ex
posu
re.
Payn
e an
d Fa
ncey
(198
2)
fo
un
d
e1
ev
at
ed
1e
ve
1s
of
mi
xe
d
fu
nc
ti
on
ox
id
as
e
in
fi
sh
ex
po
se
d
to
mo
de
ra
te
1ev
e1s
of
pet
ro1
eum
hyd
roc
arb
ons
,
and
the
y a
dvo
cat
e m
oni
tor
ing
thi
s e
nzy
me
to
de
te
rm
in
e
if
fis
h
ar
e
be
in
g
st
re
ss
ed
by
PAH
.
Are
PAH
cau
sin
g c
anc
er
in
fis
h?
Son
ste
gar
d (
197
7)
fou
nd
ver
y h
igh
in
ci
de
nc
es
of
tu
mo
ro
us
ti
ss
ue
in
Gr
ea
t
La
ke
fi
sh
th
at
fe
ed
pr
im
ar
i1
y
on
bo
tt
om
org
ani
sms
;
yet
he
did
not
det
ect
any
suc
h m
a1f
orm
ati
ons
in
an
ana
1ys
is
of
a
mu
se
um
co
11
ec
ti
on
of
si
mi
1a
r
Gr
ea
t
La
ke
s
fi
sh
co
11
ec
te
d
in
19
52
.
Th
e
im
p1
ic
a—
ti
on
is
th
at
so
me
ca
rc
in
og
en
ic
or
mu
ta
ge
ni
c
ag
en
t(
s)
ha
ve
be
en
in
tr
od
uc
ed
in
to
th
e
Gr
ea
t
La
ke
s
si
nc
e
th
e
ea
r1
y
19
50
's
.
Ma
ny
co
mp
ou
nd
s
or
po
ss
ib
1e
co
mb
in
a—
ti
on
s
of
co
mp
ou
nd
s
co
u1
d
be
th
os
e
ag
en
ts
;
PA
H
ar
e
ce
rt
ai
n1
y
am
on
g
th
em
.
Fu
rt
he
r
di
sc
us
si
on
on
th
is
su
bj
ec
t
ca
n
be
fo
un
d
in
Ch
ap
te
r
6
of
th
is
re
po
rt
.
Hi
gh
in
ci
de
nc
es
of
tu
mo
ro
us
ti
ss
ue
in
th
e
ca
rp
an
d
go
1d
fi
sh
hy
br
id
s
of
La
ke
Er
ie
tr
ib
ut
ar
ie
s
ha
ve
be
en
co
rr
e1
at
ed
wi
th
hi
gh
co
nc
en
tr
at
io
ns
of
PA
H
in
se
di
me
nt
s
(B
1a
ck
et
a1
.,
19
80
a,
b)
.
Li
ve
r
tu
mo
rs
we
re
fo
un
d
in
th
e
br
ow
n
bu
11
-
he
ad
of
th
e
B1
ac
k
Ri
ve
r,
an
in
pu
t
to
La
ke
Er
ie
th
at
is
hi
gh
1y
co
nt
am
in
at
ed
wi
th
PA
H
(B
au
ma
nn
et
a1
.,
19
82
).
As
me
nt
io
ne
d
ab
ov
e,
th
es
e
re
io
ns
ar
e
us
ua
11
y
co
nt
am
in
at
ed
wi
th
mu
1t
ip
1e
po
11
ut
an
ts
th
at
ma
y
ha
ve
ad
it
iv
e
or
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syne
rgis
tic
effe
cts
with
PAH.
Howe
ver,
PAH
in l
abor
ator
y st
udie
s ha
ve
indu
ced
tumo
rs i
n fi
sh (
Jone
s a
nd H
offm
an,
1957
; Sc
hult
z an
d Sc
hult
z,
1982
; Bl
ack,
1982
),
and
fis
h e
nzy
me
sys
tem
s h
ave
bee
n s
how
n t
o p
rod
uce
car
cin
oge
nic
met
abo
lit
es
(Nef
f,
197
9).
Thu
s,
the
re
is
evi
den
ce
of
bot
h c
hro
nic
eff
ect
s a
nd
car
cin
oge
nic
/mu
tag
eni
c r
esp
ons
es
in
fis
h p
opu
lat
ion
s e
xpo
sed
to
PAH.
The
se
eff
ect
s a
re
mos
t s
eve
re
nea
r u
rba
n a
rea
s a
nd
for
fis
h t
hat
live
or
fee
d o
n t
he
bottom.
How
doe
s t
his
exp
osu
re
of
fis
h t
o P
AH
aff
ect
hum
an
hea
lth
?
Sin
ce
fis
h
hav
e t
he
enz
yme
s t
o b
iot
ran
sfo
rm
PAH,
exp
osu
re
of
bio
acc
umu
lat
ed
par
ent
.
com
pou
nds
will
be
min
ima
l.
Whi
le
it
has
bee
n r
epo
rte
d t
hat
mar
ine
fis
h h
ave
lev
els
of
BaP
up
to
5,0
00
ng/
kg
dry
wt.
,
the
one
rep
ort
ed
lev
el
in
fre
sh
wat
er
fis
h (
lak
e t
rout
) w
as
less
tha
n 4
ng/
kg
dry
wt.
(Nef
f,
197
9).
Bas
ed
on
a
con
sum
pti
on
of
0.5
kg
of
fis
h p
er
day
and
the
dai
ly
int
ake
of
PAH
fro
m o
the
r
sou
rce
s (
Tab
le
33-
5)
(Lee
and
Gra
nt,
198
1),
lak
e t
rou
t w
oul
d c
ont
rib
ute
les
s
tha
n 2
% o
f t
he
tota
l i
nta
ke
of
PAH.
Sin
ce
fis
h c
an
bio
tra
nsf
orm
PAH,
the
leve
l o
f ne
tabo
lite
s in
fish
may
be q
uite
high
, de
pend
ing
on e
xpos
ure.
Res
ear
ch
has
not
yet
bee
n p
erf
orm
ed
to
exa
min
e t
hes
e l
eve
ls,
nor
has
the
tox
ici
ty
of
the
se
bio
tra
nsf
orm
ati
on
pro
duc
ts
of
PAH
bee
n d
ete
rmi
ned
.
The
re—
for
e,
the
haz
ard
s
and
the
ext
ent
of
exp
osu
re
to
the
bio
tra
nsf
orm
ati
on
pro
duc
ts
of PAH are unknown.
TABLE 3B-5
HUMAN EXPOSURE TO PAH FROM VARIOUS ENVIRONMENTAL SOURCES
ug/day
CARCINOGENI c TOTAL
SOURCE BaP PAH PAH
 
Air 0.00095-0.0435 0.038 0.207
Hater 0.001l 0.0042 0.0270
Food 0.16-l.6 1.6-16
The Future of PAH in the Great Lakes
Although the seriousness of the exposure of benthic organisms and fish to
PAH is currently supported only by circumstantial evidence, it appears that
the load of PAH to the Great Lakes and consequent exposure will increase over
the next few decades. This will result from increasing population and con-
sequent increasing energy consumption. Regional population data are given in
Table 33-6. Population for the year 2000 is estimated to be approximately 10%
larger than the current population, a somewhat slower rate of growth than the
coun
try
as a
whol
e.
It i
s ex
pect
ed t
hat
grow
th o
n th
e Ca
nadi
an
side
will
be
Simi ar.
A study by the National Academy of Sciences (1979, p. 204) has concluded
that, because of its availability, coal will be a key element in the United
States energy policy well beyond the end of the century. They estimate that
-78..
 three times the present 1eve1 of production, or about 45 quads (1 quad =
1015 BTU), annua11y wi11 provide one-third to one-ha1f of the nation's
energy compared to 18% (14 quads of 78 quads) in 1978. A regiona1 study
(Great Lakes Basin Commission, 1981) estimates that, by the year 2000, the use
of coa1 wi11 increase with respect to oi1 and as, and that energy production
within the basin wi11 increase from 3.1 quads ?1975) to 3.9 quads by 1990 (see
a1so SAB, 1982).
TABLE 3B-6
POPULATION DATA FOR THE GREAT LAKES STATES (MILLIONS)
 
19701 19802 19903 20003 2050“
0.5. Tota1 203,000 222,000 243,000 250,000 315,000
I11inois 11,113 11,418 12,015 12,491
Indiana 5,195 5,490 5,804 5,059
Ohio 10,557 10,797 11,570 11,999
Michigan 8,882 9,258 10,302 10,970
New York 18,241 17,557 18,528 18,815
Pennsy1vania 11,801 11,913 12,272 12,455
Minnesota 3,806 4,077 4,382 4,537
wisconsin 4,418 4,705 5,155 5,475
8. States Tota1 73,394 75,215 80,029 82,923
1U.S. Bureau of Census, 1979.
2U.$. Bureau of Census, 1981.
3U.S. Bureau of Census (1979), Projection IIA.
l'Schurr et a1. (1979), p. 110; no estimates given by state.
Information summarized for the United States in the 1ate sixties (Nationa1
Academy of Sciences, 1972) indicates that over 1200 MT/yr of BaP were emitted
each year. This amount was apparent1y reduced to approximate1y 300 MT/yr by
the mid-1970's (Tab1e 3B-7). This 75% reduction in emissions supports the
Nati
ona1
Air
Surv
ei11
ance
Netw
ork'
s (N
ASN)
esti
mate
of a
75%
redu
ctio
n in
the
atmOSpheric concentration of BaP at 26 urban sites throughout the United
Stat
es f
rom
1966
to 1
977
(Fao
ro a
nd M
anni
ng,
1981
).
This
dec1
ine
has
been
observed at the Great Lakes basin atmOSpheric monitoring stations (Figure
38-5
).
The
dec1
ine
has
been
attr
ibut
ed t
o a
redu
ctio
n i
n th
e us
e of
coa1
and
wood
in r
esid
enti
a1
heat
ing,
a1th
ough
with
the
rece
nt r
ise
in t
he p
rice
of 0
11
and
gas,
coa1
and
wood
use
is a
gain
incr
easi
ng
(Pet
ers
et a
1.,
1981
).
Con-
side
ring
chan
ges
in s
amp1
e co
11ec
tion
and
ana1
ysis
tech
n1qu
es,
it i
s no
t c1
ear
whe
the
r
the
rep
ort
ed
dec
1in
e i
n P
AH
is
rea
1 o
r a
n a
rti
fac
t o
f t
he
met
hod
s
emp
1oy
ed.
Pot
vin
et
a1.
(198
1)
fou
nd
no
sig
nif
ica
nt
dif
fer
enc
es
in
atm
os-
phe
ric
BaP
mea
sur
ed
Bet
wee
n
197
1 a
nd
197
5 a
nd
tha
t b
etw
een
197
5 a
nd
197
9 a
t a
sit
e
in
nor
the
rn
Ont
ari
o.
Wha
t i
s o
bvi
ous
fro
m t
he
fou
r e
mis
sio
n
est
ima
tes
in
Ta
b1
e
38
-7
is
th
at
th
er
e
is
co
ns
id
er
ab
1e
di
sa
gr
ee
ne
nt
ab
ou
t
th
e
re
1a
ti
ve
imp
ort
anc
e
of
eve
n m
ajo
r
sou
rce
s
of
BaP
.
In
the
1at
e
60'
s,
the
maj
or
sou
rce
s
we
re
pe
rc
ei
ve
d
to
be
op
en
bu
rn
in
g
of
re
fu
se
,
fo
11
ow
ed
c1
os
e1
y
by
th
e
_ 79 _
  
combustion of coal for heat and power. By the mid 70's, this was altered to
coke production in both the United States and Ontario. In the case of total
PAH
esti
mate
s, t
he m
ajor
sour
ce f
or t
his
peri
od w
as t
he c
ombu
stio
n o
f wo
od f
or
heat and power. These estimates are rather weak since sampling procedures and
anal
ytic
al
inte
rcom
pari
sons
are
not
yet
stan
dard
ized
or u
nifo
rmly
effi
cien
t
for various environments. Bennett et al. (l979) found order of magnitude
rang
es
in t
he P
AH c
once
ntra
tion
s o
f oi
l fi
red
powe
r p
lant
emis
sion
s (
23-2
550
ng PAH/m3) and coal fired power plant emissions (24-378 ng PAH/m3); thus
the use of an average emission factor for each source type is only a gross
TABLE 3B-7
ESTIMATED PAH EMISSIONS (MT/yr)
3w 3w 3w TUMLPNi
u.s.1 u.s.2 ONTARIO3 U.s.“
PERI
OD
LATE
60's
l975
l976
mid-
70's
Heat and Power
Coal
Oil
Gas
Wood
Open burning
Coke production
Forest fires
Mobile sources
Grams emitted
per capita
1NAS (1972).
2Faoro and Manning (l98l).
3MOE (1979).
''Peters et al. (l98l).
approximation. In a literature review, Junk and Ford (l980) found 109
organics in coal combustion products and 33l in coal and refuse combustion,
but stated that there are probably many more as yet uncollected or uniden-
tified compounds. Many of these could have caused interference in earlier,
less Specific analytical procedures.
At this time it is unclear to what extent PAH emissions will increase with
projected increased fossil fuel combustion. The fact that PAH are associated
with submicron particles makes them very difficult to remove from stack
- 30 _
 gases. Increased use of "dirty" fuels, such as coal and wood, will further
increase the potential for PAH production. If regional energy production
lincreases by 25% (3.l quads to 3.9 quads) as estimated by the Great Lakes
Basin Commission (l98l) report and if this increase is primarily in the form
of coal and wood combustion, then based on the figures in Table 33-7, we can
conservatively estimate an increase of l0% in the loads of PAH to the lake.
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FI
GU
RE
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5
Atm
osp
her
ic
con
cen
tra
tio
n o
f b
enz
o(a
)py
ren
e i
n t
he
Gre
at
Lak
es
Reg
ion
. D
ata
for
Uni
ted
Sta
tes
citi
es a
re f
rom
the
US.
EP
A/
NA
SN
(Fa
oro
and
Man
nin
g,
198
1;
Ack
lan
d,
198
2).
Dat
a f
or
10
Can
adi
an
cit
ies
on
the
Gre
at
Lak
es
are
fro
m t
he
Ont
ari
o
Min
ist
ry
of
the
Env
iro
nme
nt
(MO
E)
(19
79)
. E
ach
of
the
2-y
ear
ave
rag
es
fal
ls
wit
hin
the
gra
y z
one
; t
he
gra
nd
me
an
for
all
the
dat
a i
s a
lso
sho
wn.
The
Tor
ont
o d
ata
for
197
6 i
s f
rom
Kat
z e
t
al.
(19
78)
. T
he
Lak
e M
ich
iga
n d
ata
are
fro
m S
tra
nd
and
And
ren
(19
80)
. T
he
Sau
lt
Ste
. M
ari
e p
oin
t i
s f
rom
the
MO
E (
197
9).
Yo
ung
st
ow
n a
nd
Mil
wau
kee
bot
h s
ho
w r
ece
nt
inc
rea
ses
in
BaP concentrations.
As
lo
ng
as
ra
te
s
of
re
mo
va
l
fr
om
the
ec
os
ys
te
m
re
ma
in
th
e
sa
me
or
ev
en
de
-
cr
ea
se
be
ca
us
e
of
a
re
du
ct
io
n
in
pr
im
ar
y
pr
od
uc
ti
vi
ty
ca
us
ed
by
th
e
Gr
ea
t
La
ke
s
ph
os
ph
or
us
ab
at
em
en
t
pr
og
ra
m,
co
nc
en
tr
at
io
ns
of
PA
H
wi
th
in
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
wi
ll
in
cr
ea
se
.
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 C. TOXAPHENE
INTRODUCTION
On
29
Nov
emb
er,
198
2 t
he
U.S.
EPA
off
ici
a11
y c
anc
e11
ed
mos
t u
ses
of
tox
a-
phe
ne
but
per
mit
ted
exi
sti
ng
sto
cks
of
the
che
mic
a1
to
be
use
d t
hro
ugh
31
Dec
emb
er,
198
6.
This
act
ion
, c
oup
1ed
wit
h t
he
Can
adi
an
ban
of
31
Oct
obe
r 1
980
wou
1d
see
min
g1y
red
uce
thi
s p
ers
ist
ent
con
tac
t p
est
ici
de
fro
m e
nte
rin
g t
he
Gre
at
Lak
es
eco
sys
tem
in
qua
nti
ty.
Ass
umi
ng
the
ban
is
eff
ect
ive
1y
imp
1em
ent
-
ed,
espe
cia1
1y a
fter
1986
, an
d qu
anti
ties
of t
he s
ubst
ance
do n
ot e
nter
the
wate
r co
1umn
thro
ugh
Tong
rang
e at
mOSp
heri
c tr
ansp
ort
or h
azar
dous
wast
e si
te
1ea
cha
te,
the
Gre
at
Lak
es
eco
sys
tem
sho
u1d
beg
in
to
sho
w s
ign
s o
f i
mpr
ove
men
t
as i
ndic
ated
by r
educ
ed b
ody
burd
ens
in f
ish
over
the
next
seve
ra1
year
s.
The
IJC
was
fir
st
adv
ise
d o
f t
he
pre
sen
ce
of
thi
s p
o11
uta
nt
in
197
6 (
URL
G)
when
toxa
phen
e or
toxa
phen
e—Ti
ke s
ubst
ance
s we
re
dete
cted
in 1
ake
trou
t fr
om
Lak
e S
upe
rio
r a
t v
a1u
es
ran
gin
g b
etw
een
0.1
- 1
.0
mg/
L.
Sin
ce
tha
t r
epo
rt,
the
Com
mis
sio
n h
as
bee
n p
eri
odi
ca1
1y
upd
ate
d a
s t
o t
he
Gre
at
Lak
es
1ev
e1$
in
bio
ta
and
rec
ent
1y
wat
er
con
cen
tra
tio
ns
of
Lak
e H
uro
n.
The
Sur
vei
11a
nce
Wor
k
Gro
up
wi11
con
tin
ue
rep
ort
ing
to
the
Wat
er
Qua
Tit
y B
oar
d t
oxa
phe
ne
va1
ues
as
der
ive
d f
rom
rou
tin
e m
oni
tor
ing
in
the
Gre
at
Lak
es
fis
h c
ont
ami
nan
t p
rog
ram
.
What
f011
ows
is a
brie
f sy
nops
is
of v
a1ue
s f
ound
with
in
fish
a1on
g wi
th
a
gene
ra1
des
cri
pti
on
of
the
che
mic
a1.
The
re
are
seve
ra1
tho
rou
gh
gen
era
1
rev
iew
s o
n t
oxa
phe
ne
(U.S
. E
PA,
198
0;
Coh
en
et
a1.
, 1
982
, a
nd
U.S.
FWS,
198
2)
and these shou1d be referenced for more details.
OVERVIEW
Tox
aph
ene
is
a c
omm
on
tra
de
nam
e f
or
ch1
ori
nat
ed
cam
phe
ne.
Com
mer
cia
T
tox
aph
ene
has
a m
axi
mum
pes
tic
ida
1
act
ivi
ty
whe
n
the
chT
ori
ne
con
ten
t
ran
ges
fro
m 6
7-6
9%,
res
u1t
ing
in
a t
ypi
ca1
emp
iri
ca1
for
mu1
a o
f C
10H
10C
113
and
an
ave
rag
e
mo1
ecu
1ar
wei
ght
of
414
.
Tec
hni
caT
gra
de
tox
aph
ene
con
sis
ts
of
177
com
pon
ent
s,
of
whi
ch
20
to
40
hav
e b
een
iso
1at
ed
in
Gre
at
Lak
es
fis
h.
Ac
co
rd
in
g
to
Co
he
n
et
a1
.,
19
82
,
an
nua
1
to
xa
ph
en
e
pr
od
uc
ti
on
du
ri
ng
th
e
19
70
's
var
ied
bet
wee
n 4
5 x
ID6
and
106
x 1
06
kg.
The
che
mic
a1
was
ext
ens
ive
1y
use
d i
n t
he
Dak
ota
s,
Ca1
ifo
rni
a a
nd
the
sou
the
rn
sta
tes
on
sun
f10
wer
,
veg
eta
b1e
s a
nd
cot
ton
cro
ps,
res
pec
tiv
e1y
.
Acc
ord
ing
to
Sei
ber
et
a1.
, (
197
9)
quan
titi
es i
n ex
cess
of 5
0% c
an b
e To
st t
o th
e at
m05p
here
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Toxaphene is so1ub1e in water in the range of 0.4 to 3.0 mg/L (Paris et
a1., 1977; Brooks, 1974) and has a partition coefficient between 1.995 x TIP
t6'2.512 x 106 (Paris et a1., 1977; Magnuson et a1., 1979).
Mean 96-h LCso,
acute toxicity 1eve1$ 1n Juveni1e fish range from a 10w of 2 ug/L for 1arge-
mouth bass (Micropterus sa1moides) to 18 ug/L for fathead minnows (Pim ha1es
rome1as) (Johnson and Finley, I980). Severa1 studies have yie1ded Bioac-
cumulation factors ranging from 2,000 to 69,000 (10 to 140 days) in various
species of freshwater fish (Mayer et a1., 1977; Terriere et a1., 1966).
The 48-h LCso's at 17°C for the c1adocerans Bosmina 1ongirostris, Daphnia
magna, and Q; pu1ex were 1.4, 5.4, and 11.3 pg/L respectiveTy (U.S. FWS,
  
A1though there is an Agreement objective for toxaphene in water (0.008
Hg/L, for the protection of aquatic 1ife), there is no objective for fish
tissue concentration. Smith, (Cranbrook Institute of Science) has measured
concentrations in the range of 0.0005 - .002 ug/L from Lake Huron waters.
The U.S. Food and Drug Administration action 1eve1 for toxaphene in edib1e
portions of fish is 5 mg/kg. A1though the va1ues reported recent1y exceed
this action 1eve1, it must be understood that these resu1ts are for who1e fish
and thus are higher than wou1d be expected from ana1ysis of edib1e portions.
Toxaphene in Great Lakes Fish
 
Samp1es of individua1 and composite who1e fish homogenates have been
ana1yzed to describe historica1 1eve1s of toxaphene or toxaphene-1ike sub-
stances. The resu1ts were provided by the Department of Fisheries and Oceans
(DFO), Bur1ington, Ontario and U.S. FWS 1aboratories in Ann Arbor, Michigan
and Co1umbia, Missouri.
Resu1ts from DFO inc1ude who1e fish toxaphene 1eve1s for tog predator
sa1monid samp1es from each of the Canadian Great Lakes (Tab1e 3 - ). In ad-
dition, a range of age c1asses from 1982 1ake trout coTTected in Lake Ontario
were ana1yzed to determine toxaphene accumu1ation patterns. Historica1
samp1es were chosen to represent the e1dest individua1 of that species avai1-
ab1e at the time of co11ection. These fish a1so contained the highest 11p1d
1eve1s of a11 fish co11ected at that time. With the exception of two separate
ee1 samp1es from Lake Ontario, there was a positive re1ationship between 11p1d
1eve1s and toxaphene concentration.
Current data (1982) from Lake Ontario indicate that toxaphene accumu1ates
in the same manner as other 1ipophi1ic compounds. Concentrations increase
with both 1ipid content and age. Genera11y, toxaphene concentrations are
simi1ar throughout the 1akes monitored with physioTogicaT conditions rather
than geographic Tocation being the most inf1uentia1 variab1e.
Resu1ts from the U.S. FWS demonstrates that toxaphene contamination is not
restricted to the top predatory fish. Va1ues for p1anktivorous species were
gene
ra11
y ab
out
ha1f
the
conc
entr
atio
n re
cord
ed f
or 1
ake
trou
t (T
ab1e
3C-2
).
Toxaphene concentration from samp1es of 1arge Lake Michigan 1ake trout were
comp
arab
1e t
o sp
ecim
en c
o11e
cted
from
Lake
s Su
peri
or a
nd H
uron
(Tab
1e 3
C-3)
.
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 Data Source:
 
TABLE 3C-1
TOXAPHENE IN GREAT LAKES
WHOLE FISH RESIDUES
Department of Fisheries and Oceans, Bur1ington, Ontario
 
COLLECTION TOXAPHENE
YEAR SPECIES AGE % LIPID (pg/g)
Lake Ontario 1977 Lake Trout 5+ 26.35 3.53
Rainbow Trout 5+ 12.67 1.69
Coho 3+ 12.50 2.04
1978 Lake Trout 3+ 20.93 11.50
1980 Lake Trout 5+ 25.48 0.19
1982 Lake Trout 10+ 26.73 3.56
Lake Trout 6+ 25.49 2.95
Lake Trout 6+ 17.99 2.04
Lake Trout 5+ 26.61 1.38
Lake Trout 4+ 14.26 0.61
Rainbow Trout 7+ 9.06 1.59
Coho 3+ 4.74 0.72
Ee1 — 32.26 1.74
Ee1 - 34.53 1.71
Lake Erie
1977
Rainbow Trout
5+
18.00
2.66
Coho 3+ 5.45 2.09
Lake Huron 1979 Sp1ake 3+ 20.00 2.54
1980
Lake Trout
8+
18.85
3.53
1982 Lake Trout 8+ - 1.69
Lake Trout 7+ - 1.25
Lake Trout 7+ - 2.93
Lake Trout 6+ - 1.93
Lake Trout 6+ 19.30 4.90
Lake Superior
1978
Lake Trout*
7+
59.68
10.00
Lake Trout* 7+ 37.25 9.68
Lake Trout 3+ 19.05 2.15
Lake Superior 1980 N X S.E. Range
Toxaphene
10
1.90
0.58
( 0.37
-
6.18)
% Lipid
10
26.60
1.56
(20.60 - 36.80)
 
* Siscowet.
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 TABLE 3C-2
CONCENTRATION (Hg/g NET WEIGHT) OF TOXAPHENE IN COLD-WATER FISH
SAMPLES FROM THE UPPER GREAT LAKES,
1977 AND
1979
COMPOSITE
SAMPLES
(FIVE
ADULT
FISH/SAMPLE),
(TOTAL LENGTH IN mm)
Data Source:
U.S. Fish & Wi1d1ife Service, Co1umbia, Missouri
YEAR
MEAN
TOXAPHENE
LAKE
COLLECTED
LOCATION
SPECIES
LENGTH
CONCENTRATION
Michigan
1977
Sheboygan, MI
B1oater
257
3.5
Michigan
1977
Sheboygan, MI
B1oater
254
3.3
Michigan 1977 Sheboygan, MI Lake Trout 698 7.8
Michigan
1979
Sheboygan, MI
B1oater
284
2.7
Michigan 1979 Sheboygan, MI B1oater 269 2.3
Michigan 1979 Sheboygan, MI Lake Trout 612 7.1
Michigan 1977 Beaver Is., MI B1oater 287 6.4
Michigan 1977 Beaver Is., MI Lake Trout 653 8.1
Michigan 1979 Beaver Is., MI B1oater 307 3.3
Michigan 1979 Beaver Is., MI B1oater 282 3.1
Michigan 1979 Beaver Is., MI Lake Trout 610 5.5
Michigan 1977 Saugatuck, MI BIOater 290 3.7
Michigan 1977 Saugatuck, MI B1oater 287 0.6
Michigan 1977 Saugatuck, MI Lake Trout 627 7.0
Michigan 1979 Saugatuck, MI B1oater 287 3.4
Michigan 1979 Saugatuck, MI B1oater 297 3.4
Michigan 1979 Saugatuck, MI Lake Trout 663 6.8
Huron 1977 A1pena, MI Lake Trout 594 9.0
Superior 1977 Bayfie1d, WI Lake Trout 627 5.2
Superior 1977 Bayfie1d, WI Lake Whitefish 516 2.3
Superior 1979 Bayfie1d, MI Lake Trout 630 2.2
Superior 1979 Bayfie1d, WI Lake Whitefish 335 0.9
Superior 1979 Bayfie1d, WI Lake Whitefish 328 0.6
Superior 1977 Keeweenaw Pt., B1oater 264 2.8
Superior 1977 MI B1oater 262 2.9
Superior 1977 " " Lake Trout 559 3.0
Superior 1979 Keweenaw Pt., B1oater 277 3.6
Superior 1979 MI B1oater 295 2.8
Superior 1979 " " Lake Trout 605 7.3
Superior 1977 Whitefish Pt., Lake Whitefish 488 1.4
Superior 1977 MI Lake Whitefish 503 2.1
Superior 1977 " " Lake Trout 607 3.1
Supe
rior
1979
Whit
efis
h Pt
.,
Lake
Whit
efis
h
566
1.2
Supe
rior
1979
HI
Lake
Whit
efis
h
495
0.7
Su
pe
ri
or
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“
“
La
ke
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ou
t
561
1.9
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TABLE 3C-3
CONCENTRATIONS OF TOXAPHENE-LIKE COMPOUNDS
Data Source:
(20 ADULT FISH/SAMPLE)1
U.S. Fish and Ni1d1ife Service, Ann Arbor, Michigan
YEAR MEAN TOXAPHENE
SPECIES
COLLECTED
LENGTH
LOCATION
CONCENTRATION
(mm)
Lake Trout
1977a2
697
Char1evoix,
MI
7.2
Lake Trout
1977b
697
Char1evoix, MI
6.1
Lake Trout
1978a
671
Char1evoix, MI
8.4
Lake Trout
1978b
671
Char1evoix, MI
8.1
Lake Trout
1978a
717
Sturgeon Bay, WI
10.5
Lake Trout
1978b
717
Sturgeon Bay, WI
10.9
Lake Trout
1979a
688
Sturgeon Bay, WI
6.5
Lake Trout
1979b
688
Sturgeon Bay, WI
6.9
Lake Trout3
1977a
653
Saugatuck, MI
6.6
Lake Trout3
1977b
653
Saugatuck, MI
7.3
Lake Trout
1978a
701
Saugatuck, MI
7.7
Lake Trout
1978b
701
Saugatuck, MI
7.4
Lake Trout
1979a
694
Saugatuck,
MI
7.3
Lake
Trout
1979b
694
Saugatuck,
MI
6.5
1Represents
the
20
Targest
fish
c011ected.
2a
or
b
denotes
dup1icate
ana1ysis
of
the
same
samp1e.
318 fish composit
ed.
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 4, Water Quality Assurance
(Note: This Chapter was prepared by the Data Quality Work Group.
Comments or inquiries regarding this Chapter's contents should be directed to
the Data Quality Work Group Secretary.)
Annex 11 of the Agreement calls for quality assurance programs in support
of Great Lakes surveillance and monitoring activities. As described in Annex
11, these programs include standard sampling and analytical methodology, inter-
laboratory comparisons, and compatible data management. The execution of
proper quality assurance programs permits valid assessment of surveillance and
monitoring data and help substantiate the evaluations and conclusions which
are derived from these data. In order to help ensure the production of
environmental data of acceptable quality to meet the surveillance and monitor-
ing requirements of the the Agreement, the Water Quality Board established a
Data Quality Work Group.
Under the Work Group's Terms of Reference, the Work Group performs the
following tasks:
1. In collaboration with the Surveillance Work Group recommends the
quality assurance requirements for field, laboratory, and data
management activities undertaken in support of the Agreement and
monitors the meeting of the requirements;
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In response to a cooperative International Joint Commission/Water Quality
Board inquiry regarding the Work Group's activities and responsibilities, a
review task force was formed. The composition of the task force and its
recommendations are discussed later in this chapter.
INTERLABORATORY STUDIES
 
The Work Group is convinced that interlaboratory studies are an essential
element in determining if laboratories produce comparable analytical results.
The six interlaboratory studies conducted for this purpose include: two for
phosphorus in water, one for metals in water, one for major ions and nutrients
in water, one for total phosphorus in sewage treatment plant effluent, and one
for chlorinated hydrocarbon pesticides and PCBs in fish and ampuls.
A typical round robin consists of submitting samples of ambient environ-
mental constituents levels to laboratories which contribute to the measurement
of the Great Lakes basin samples. Distributed with the samples are a transmit—
tal letter, a methods questionnaire, a report form, a discussion on reporting
low level data, and a description of the Work Group's recommended minimum
intralaboratory quality control program.
After the results are received by the Work Group, they are individually
evaluated by comparing them to the medians, which serve as target values.
Bias of the set of results from each laboratory is assessed using a modifica-
tion of a method developed by Youden (1969).
After the results are evaluated, each laboratory receives a report on its
performance, a glossary ofterms used in the evaluation, and a table of all
results so that its performance can be compared to that of others. Frequently
the methods used by the laboratories are cited or listed with the report.
Descriptions and findings from these studies follow.
Phosphorus in Water - Studies 40 and 43
Two studies on phosphorus in water were conducted in 1982 with 34 lab-
oratories (15 samples) participating in the first one and 36 laboratories (l5
samples) in the second one. The samples used for these studies consisted of
water from open lake, nearshore, harbor areas, lake tributary, and laboratory
standard solutions.
The median (target) values ranged frun 2.0 pg/L to 62l pg/L, admit-
tedly a wide range. The laboratories, however, included in these studies
'measure tributary water high in phOSphorus concentrations as well as nearshore
and open lake waters with low phosphorus values.
In order to demonstrate sample stability, several samples were redistribut-
ed over three round robins, but their identities were not known to the
participants. The median values for these samples from all results for each
study in l981 and T982 are given in Table 4.0-1.
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 TABLE 4.0-1
MEDIAN
VALUES
FOR
TOTAL
PHOSPHORUS
IN
WATER,
ug/L
STUDY
38
STUDY
40
STUDY
43
SAMPLE
SOURCE
SEPTEMBER
'81
SEPTEMBER
'82
JANUARY
'83
Lake
Superior
2.0
2.5
2.0
Rain
Water
4.0
-
4.1
Lake
Erie
—
11.0
10.6
Lake
Ontario
10.9
-
11.0
Grand
River
12.3
-
13.0
Hami1ton
Harbor
-
90.5
88.0
Spike
(124)
124.0
127.0
127.5
Spike
(187)
187.5
188.5
189.0
Spike
(248)
253.5
255.5
253.5
The
near1y
constant
medians,
which
the
participating
1aboratories
co11ective1y
provide,
indicate
that
the
samp1es
derived
from
the
various
sources
were
quite
stab1e
and
can
be
used
for
performance
comparisons
over
time.
The
performance
of
1aboratories
on
tota1
phOSphorus
in
water
ana1yses
over
the
past
five
years
is
documented
in
Tab1e
4.0-2.
Whi1e
severa1
1aboratories
genera11y
performed
we11,
there
were
many
which
were
erratic
or
produced
biased
data.
For
a
few
1aboratories,
there
was
some
deterioration
in
performance
(e.g.,
1aboratories
5 and
9) whi1e
some
(e.g.,
1aboratories
4 and
27) showed inprovement in the 1ast study.
0
The Work
Group
finds
it
particu1ar1y
discouragingthat
the
1eve1
of
performance by some 1aboratories varies so wide1y from test to test., This
wide variation c1ear1y indicates that either the interna1
qua1ity contro1
programs for these 1aboratories are not working or that there are no such
programs at a11.
The Work Group has emphasized the critica1
importance of a
sound 1aboratory qua1ity contro1 program using a wide1y circu1ated recommended
practice.
Tota1 PhOSphorus
in Sewage Treatment P1ant Eff1uent - Study No. 44
At the request of the Mu icipa1 Abatement Task Force of the Water Qua1ity
Board, the Work Group condu ed an inter1aboratory study among se1ect sewage
treatment 1aboratories.
0n Apri1 25, 1983 ten samp1es comprised of standards,
eff1uent, and eff1uent p1us standards were distributed to 36 sewage treatment
p1ant 1aboratories and to the four 0MOE 1aboratories which ana1yze eff1uents
for tota1 phOSphorus.
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TABLE 4.0-2
TOTAL PHOSPHORUS IN HATER
SlMdARY OF PERFORMANCE BY STUDY BY LABORATORY
 
STUDY N0.
LAB. m.
7.2 I
?4
27
28
38
40
43
p
.
(
\
.
S-1FH
S
S-1FH
S
S-1FL
S—‘IFL
S—iFH
S
S
S
3FL-LB
*
NR
S,-1FH
4FL,1FH
S
S-iFH
3FH
S-‘IFH
7FH,ViB
NR
5FL,1FH
3FH,7FL ‘ S
S
?FH
S
S
4FL,-LB
S
5 ZFL-LB
5FL,1FH
S
Z-‘H
iFL,2FH
?FL
S
6FL,1FH
7FL,-LB
NR
NR
10F H, —HB
4F H, -HB
9FL,1FH, -LB
S,-1FH
10FL,1FH,LB
7FH,-FB
S,-1FH
S-1Fl-
S—iFL
S—iFL
S
S
S
5FH,-HB
3FH
10FH,-HB
3FH,?FL
1FL
NR
E-"H,-l-B
NR
5FL,?FH
3FL,?FH
1FH,0
6FL-LB
1FL,6FH
3FH,7FL
4FH
3FL, ~LB
S,-1FH
S
S
ZFH
S
S
7FL
NR
NR
NR
4FH,1FL
S
ZFL
ZFL
S
S,-1FH
6FL,1FH .
8FL,-LB
2FH
Q,
12FH-HB
1FL,3FH
iFH,?FL
3FL,4FH
5FH,3FL
6FH,4FL
E>
a
I
L
I
.
1
—
:
.
J
m
m
o
k
:
I
:
u
.
m
p
—
m
m
'
r
—
c
h
m
w
r
x
w
m
p
m
c
m
o
h
o
o
o
—
.
—
-
—
.
—
-
—
—
v
—
N
S
6FH,HB
2FH,'|FL S
,
—
N
s
s
s
22
NR
3FH,1FL
NR
4FL,2FH
0
NR
NR
NR
3
3FH
3mm
6FL, -LB
3FH, -HB
3FH, 2n
2FH,1 FL
an, 4-9
0
S,—'|~FL
?FL,?FH
3FL,'|FH
6FH,‘4FL
9FL,3FH
NR
5
i
s
s
s
7FL,—LB
s
27
SFH
3FH,3FL
icrH,1FL,HB
7FH,-HB
10FH,—HB
14FH,—VHB
2FH
28
S-‘IFL
29
1FH,iFL
4FH,2FL
3FL
30
3FH
31
1FL,1FH
1FH,4FL,—LB
2FH
S-iFH
iFL,1FH
32
11FH,‘IFL,—HB
33
11FH,1FL,-HB
34
S-iFH
7FH,1FL
S—‘IFL
35
11FL,—VLB
?FL,2FH
2FH,—HB
39
9FH,3FL
47
8FH,-HB
56
13FH,-VHB
57
5FL,‘|FH,—LB
59
6FH,3FL
60
3FL
s
52
11FH,—VHB
M
V
L
D
S
D
N
N
N
N
Key: NR - Received sampi es but never reported vaiues.
—
HB
- High bias.
LB - Low bias.
XFL - Number of resu1 ts ﬂagged 10w.
XFH - Nunber of resui ts ﬂagged high.
Q - Method insufficient for the test at hand.
5
- Satisfactory.
VHB - Very high bias.
*Laboratory 2 has conbined with another 1aboratory.
ﬁiiﬁjww “WANNA,”
  
  
TABLE 4.0-4
COMPARISON OF MEDIANS (Mg/L) OBTAINED FOR TWO SAMPLES 0N STUDY N0. 42
TO MEDIANS OBTAINED ON THE SAME TWO SAMPLES IN STUDY 39
A1 Cd Co Cr Cu Fe Mn Mo Ni Pb V Zn
Study 42 200.0 3.0 4.8 26 13 154 50 25.0 5.8 49.0 4.1 59.5
Study 39 177.5 3.0 4.9 25 15 150 50 26.8 5.4 53.8 5.3 51.0
Study 42 382 5.0 9.0 52.0 9.0 205 25.1 50.0 4.0 91.0 20.3 111
Study 39 362 4.8 9.2 46.5 8.3 192 25.8 51.5 3.9 92.2 19.3 95
Findings from this round robin confirm previous findings: most Tab-
oratories performed fairTy we11 on the higher TeveT samp1es, but many of the
anaTyticaT methods used by theTaboratories were insufficient to quantify
metaT TeveTs at Tow concentrations expected in Open Take waters. A metaTs
round robin emphasizing open Take samp1es is p1anned for this fa11, in order
to provide an assessment of the Taboratory work on samp1es from Lake Superior.
Major Ions and Nutrients in Water - Study No. 41
Fourteen samp1es were distributed to each of 33 Taboratories. The sa Tes
were determined for caTcium, magnesium, sodium, potassium, chioride, squa e,
pH, aTkaTinity, hardness, nitrate p1us nitrite, totaT KjerahT nitrogen,
reactive siTicate, specific conductivity, and coTor.
The samp1es comprised Great Lakes open Take waters, harbor waters,
tributary waters, tap water (BurTington, Ontario), and Taboratory standards.
As was donein other round robins, some of the samp1es had been used in a
previous test. The median vaTues for these samp1es generaTTy comparedwe11
over the two tests (Table 4.0-5).
Those Taboratories that did weTT for a few constituents generaTTy perform-
ed weTT on a11 of them. Further, the Taboratories that routineTy measure
major ions and nutrients produced the most consistent resuTts. SeveraT Tab-
oratories demonstrated high or Tow biases. Surprisingiy, some Taboratories
produced poor pH and conductivity resuTts, either biased high or Tow, indica-
ting ca1ibration probTems. TotaT KjerahT nitrogen was one of the more
troub1esome measurements.
Ch10rinated Hydrocarbon Pesticides and PCBs in Fish and Ampu15 — Study No. 35
Eight wet fish homogenate samp1es, four freeze—dried fish fTesh samp1es,
and eight ampuTs of standard soTutions were distributed to 21 Taboratories.
ATthough not aTT the resuTts are in, some Taboratories cTearTy have
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TABLE 4.0-5
COMPARISON OF MEDIAN RESULTS (mg/L un1ess otherwise mentioned)
FOR UNPRESERVED SAMPLES OF MAJOR IONS AND NUTRIENTS IN WATER
USED IN Two INTERLABORATORY STUDIES
TAP WATER TANK LAKE MICHIGAN
1982 1981 1982 1981 1982 1980
STUDY STUDY STUDY
No.41 No. 37 No. 41 No. 37 No. 41 No. 32
NO. OF SAMPLES NO. OF SAMPLES NO. OF SAMPLES
CONSTITUENT 10 5 9 6 13 3
Ca 40.6 40.1 42.5 43.0 34.1 34.0
Mg 7.7 8.2 9.5 9.5 11.0 10.5
Na 14.7 14.0 19.1 19.0 4.58 4.60
K 1.60 1.51 0.91 0.90 1.19 1.09
CT 29.0 29.5 105.0 105.0 8.2 8.3
SD» 29.0 28.9 36.9 36.6 22.1 20.6
pH 8.0 8.0 5.70 . 5.78 8.00 7.85
A1ka1inity 93.1 92.0 2.0 2.0 104.0 105.4
Hardness 134.0 136.0 146.0 146.0 130.0 127.0
N03+N02
ug/L 400.0 400.0 40.0 38.0 299.5 302.0
TKN 210.0 183.5 20.0 30.0 145.0 130.0
31 0.36 0.35 0.01 0.01 0.28 0.24
Conductance
(umho) 344.0 344.0 446.0 .448.5 274.0 270.0
C010? (units) 1.0 2.60 1.0 3.0 5.0 2.0
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 demon
strat
ed d
iffic
uTtie
s wit
h ca
Tibra
tion,
and s
ome T
abora
torie
s fai
Ted
to
I
identify constituents in severaT of the ampuTs. Others misidentified the PC35 ‘
that were in the ampuis.
Several of the Taboratories that have not yet reported have stated a
reiuctance to report based on the compTexity of these anaTyses and the need to
modify their standard procedures to accommodate these sampTes. The Work Group
regrets that there has been so much reiuctance to report resuTts since it
wishes to heTp identify probiems with the anaTyses and assist in remediaT
action when requested.
A recent review of the Data Quaiity Work Group activities resuTted in a
recommendation that the Work Group stress toxic organic anaTyses and conduct
more round robins on priority poTTutants in environmentai sampTes. The Work
Group wiTT require better cooperation from participating Taboratories to
accompTish this task.
INTRALABORATORY QUALITY CONTROL AND REPORTING LOW LEVEL DATA
As mentioned earTier, the Data Quaiity Work Group frequentiy distributes
its recommendations on a minimum intraiaboratory quaTity controT program and a
discussion on reporting 10w Tevei data. The Work Group considered these
matters essentiaT to reporting adequate data for Great Lakes ecosystem assess-
ments.
Further, as a resuTt of this work, the recommendations and discussion were
combined as a singTe document and have now become an American Society for
Testing and Materiais Standard Practice (ASTM, 1983). The Work Group beTieves
that
this
wider
.circ
u1ati
on wi
TT a
ssist
many
Tabor
atori
es i
n the
prope
r
;
measurement of industriai waste treatment and enV1ronmenta1 sampTes. E
DATA
QUAL
ITY
WORK
GROU
P AC
TIVI
TY R
EVIE
W
3
As
a r
esu
Tt
of
var
iou
s q
ues
tio
ns
on
Wor
k G
rou
p a
cti
vit
ies
by
Com
mis
sio
n
staf
f an
d so
me m
embe
rs o
f th
e Wa
ter
QuaT
ity
Prog
rams
Comm
itte
e, a
revi
ew t
ask
for
ce
was
str
uck
.
The
mem
ber
shi
p w
as
mad
e u
p f
rom
rep
res
ent
ati
ves
fro
m t
he
two Commission Sections, the Water Quaiity Programs Committee, and the SurveiT-
Tanc
e Wo
rk G
roup
.
One
tech
nica
i a
dvis
or a
nd f
our
expe
rt e
xter
naT
revi
ewer
s
,
were
aiso
consu
ited.
;
The Task Force reported the foiiowing findings as summarized by its r
secretary:
0 There needs to be greater interaction among the Water QuaIity .
Programs Committee, SurveiTTance Work Group, and the Data Quaiity
Work Group, especiaiTy in work-planning. F
0
Ther
e is
a ne
ed t
o ci
arif
y th
e pr
oces
s of
seTe
ctin
g pa
rame
ters
for
1
round robins by consuTtation among the Water Quaiity Programs
Comm
itte
e, S
urve
iTTa
nce
Work
Grou
p, a
nd t
he D
ata
Quai
ity
Work
Grou
p.
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 Further
eva1uation
of
anaiyticai
methods
are
required
but
the
Review
Group
was
not
certain
this
eva1uaton
shouid
be
conducted
by
the
Data
Q
ua
i
i
t
y
Work
Group
for
1
i
m
i
t
e
d
r
e
s
o
ur
c
e
reasons.
Smnpie
coiiection
and
handling
procedures
need
to
be
eva1uated
and
necessary
changes
recommended.
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 5, Phosphorus Loadings 1981 And 1982
PHOSPHORUS LOADING ESTIMATES
This chapter contains phosphorus loading estimates for water years l981
and l982. Summaries of estimated loadings to the Great Lakes by basin are
given in Table 5.0-l for l98l and in Table 5.0-8 for 1982. Tables 5.0-2
through 5.0-7 give the l98l estimates for each basin by jurisdiction, and
Tables 5.0-9 through 5.0-l4 give this infornation for l982.
Basins are defined as before: the Lake Huron basin begins at the head of
the St. Marys River, the Lake Erie basin begins at the head of the St. Clair
River, and the Lake Ontario basin begins at the head of the Niagara River and
includes the Buffalo River estimate. Estimated inputs to the downstream
basins from the basins upstream are provided.
ATMOSPHERIC LOADINGS
Loading estimates are based on data from wet collectors at landbased
stations. These data do not include dry deposition for which few measurements
are available. In these estimates, the contribution of the dry component is
assu
med
to b
e eq
ual
to t
hat
of w
et
depo
siti
on.
For
esti
mate
s fr
om C
anad
ian
collectors, this means that the loading rate was doubled to give a total
rate. The loading rates calculated from United States collectors were not
doubled since there is some question about exposure time for nany data
points. The loading estimates for Lakes Superior, Huron and Erie were madeby
attributing loading rates to the portions of the lakes belonging to each
country. The Lake Michigan estimate is based solely on United States data.
The Lake Ontario estimate is based solely on Canadian data.
The loading estimates for Lakes Superior, Michigan, Huron and Erie are all
well below the l979 loading estimates. To what extent these differences
reflect true large year-to-year fluctuations rather than the difficulties in
obtaining accurate estimates is not clear.
DIRECT INDUSTRIAL AND MUNICIPAL DISCHARGES
Thes
e da
ta w
ere
prov
ided
by t
he s
tate
s an
d th
e pr
ovin
ce o
f On
tari
o.
The
point source coordinators of the two countries have continued to work with the
jurisdictions to insure comprehensive reporting.
TRIBUTARY LOADINGS
Tributary loading estimates were prepared as in previous years. The
met
hod
olo
gy
emp
loy
ed
is
dis
cus
sed
in
the
Sur
vei
lla
nce
Sub
com
mit
tee
Rep
ort
of
l977.
- 105 -
  
The Ontario Ministry of the Environment has continued its augmented
samp1ing program of major tributaries. EPA Region V supported an event
monitoring program for some Ohio, Michigan, and New York tributaries in 1982.
Due to this event monitoring, the 1982 estimates for Lakes Erie and Ontario
provide more re1iab1e resu1ts than do the 1981 estimates for these 1akes.
ESTIMATES AND TARGET LOADS
 
In the discussion which fo11ows the estimates for 1981 and 1982 are
com
par
ed
to
the
tar
get
pho
sph
oru
s 1
oad
s g
ive
n i
n t
he
197
8 W
ate
r Q
ua1
1ty
Agreement.
The estimates for Lake Superior in 1981 and 1982 are quite simi1ar, 3,412
and 3,160 tonnes, respective1y. The major differences between the two
estimates is the much higher adjustment for unmonitored area in 1981. Both
estimates compare favorab1y to the target 1oad of 3,400 tonnes. However, this
comparison depends on the 10w atmospheric estimates used in the ca1cu1ations.
The
est
ima
tes
for
Lak
e M
ich
iga
n i
n 1
981
and
198
2 a
re
a1m
ost
ide
nti
ca1
,
being 4,091 and 4,084 tonnes, respective1y. Both estimates are we11 be1ow the
targ
et 1
oad
of 5
,600
tonn
es.
Agai
n, t
he f
avor
ab1e
comp
aris
on
is r
e1at
ed t
o a
very 1ow atmospheric estimate.
The 1981 and 1982 estimates to Lake Huron of 3,481 and 4,689 tonnes differ
by over 1,200 tonnes. A1most ha1f the difference is due to the much 1arger
1982 atmospheric estimate. Most of the remaining difference stems from a much
hig
her
198
2 a
dju
stm
ent
for
unm
oni
tor
ed
are
a.
The
1981
est
ima
te
is
we11
und
er
the target 1oad of 4,360 tonnes, whi1e the 1982 estimate is over 300 tonnes
above it.
The estimates for Lake Erie in 1981 and 1982 of 10,452 and 12,349 tonnes,
res
pec
tiv
e1y
,
hav
e
a s
ubs
tan
tia
1
dif
fer
enc
e
of
a1m
ost
1,9
00
ton
nes
.
Ove
r
ha1
f
this difference is attributab1e to the much higher Ohio tributary estimate in
198
2.
The
198
2 O
nta
rio
tri
but
ary
est
ima
te
a1s
o e
xce
eds
the
cor
res
pon
din
g 1
981
estimate by the substantia1 amount of a1most 900 tonnes. The meeting of the
tar
get
Toa
d o
f 1
1,0
00
ton
nes
by
the
1981
est
ima
te
sho
u1d
be
vie
wed
wit
h
caution, whi1e the 1982 estimate, which exceeds the target by over 1,300
tonnes, probab1y presents a truer picture.
The 1982 estimate to Lake Ontario, 8,891 tonnes exceeds the 1981 estimate
of
7,4
37
ton
nes
by
1,4
54
ton
nes
.
A1m
ost
500
ton
nes
of
thi
s d
iff
ere
nce
15
due
to an inexp1icab1e increase in the 1oading from Lake Erie. An additiona1
portion of the increase is attributab1e to more extensive samp1ing of the New
York tributaries, a1though the estimate for the Ontario tributaries increased
comp
arab
1y.
The
esti
mate
s fo
r bo
th y
ears
are
abov
e th
e ta
rget
1oad
of 7
,000
tonnes.
 TABLE 5.0-1
SUNMARY OF 1981 ESTIMATED ATMOSPHERIC, INDUSTRIAL,
MUNICIPAL AND TRIBUTARY PHOSPHORUS LOADING DATA TO THE GREAT LAKES
(A11 va1ues are in metric tonnes/year)
ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE TOTAL
RIVER
Atmospheric1 506 306 613 729 328 2,481
(standard error) (188) (47) (132) (371) (171) (471)
Direct Industria1
Discharge 36 42 3 55 62 36 234
Direct Municipa1
Discharge 116 243 141 1,843 1,756 202 4,302
Tributary:
Monitored 1,259 2,966 1,638 5,582 1,8222 129 13,397
(standard error) (189) (329) (129) (426) (79) (13) (590)
Adjustment for
Unmonitored Area 1 495 534 429 1,163 613 119 4,353
(standard error)3 (470) (56) (64) (109) (44) (11) (492)
Within 1ake
Tota1s 3,412 4,091 2,824 9,372 4,581 486 24,767
From Connecting
Channe1s - — 657 1,080 2,856 2,765
TOTALS 3,412 4,091 3,481 10,452 7,437 3,251
Target Loads“ 3,400 5,600 4,360 11,000 7,000
Tota1s may not sum due to rounding.
1U.S. atmospheric estimates combine 1981 and 1982 data, but are predominant1y
made from 1981 data.
21nc1udes Buffa1o River.
3Sta
ndar
d er
rors
ca1c
u1at
ed f
ran
trib
utar
y 1o
adin
g es
tima
tes
used
in m
akin
g
adjustments.
“Annex 3, 1978 Water Qua1ity Agreement.
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 TABLE 5.0-3
SUMMARY OF 1981 ESTIMATED
PHOSPHORUS LOADING DATA
TO LAKE MICHIGAN
(A11 va1ues are in metric tonnes/year)
WISCONSIN MICHIGAN ILLINOIS INDIANA
Direct Industria1
Discharge 11
Direct Municipa1
Discharge 32
Tributary:
Monitored
(standard error)
1,748
(301)
Subtota1s 1,791
Atmospheric
(standard error)
Tributary:
Adjustment for
Unmonitored Area
(standard error)2
Uni ted States
TOTAL
TOTALS
Tar
get
Loa
d,
Ann
ex
3,
197
8 G
rea
t L
ake
s W
ate
r Q
ua1
ity
Agr
eem
ent
Tota1s may not sum due to rounding.
1At
mos
phe
ric
est
ima
tes
com
bin
e 1
981
and
198
2 d
ata,
but
are
pre
dom
ina
nt1
y
made from 1981 data.
2St
and
ard
err
ors
ca1
cu1
ate
d f
rom
tri
but
ary
1oa
din
g e
sti
mat
es
use
d i
n m
aki
ng
adjustments.
 
   
 
      
     
     
   
    
      
   
      
     
    
   
    
     
 
TABLE 5.0-4
SU
NM
AR
Y
OF
19
81
ES
TI
MA
TE
D
PH
OS
PH
OR
US
LO
AD
IN
G
DA
TA
T0 LAKE HURON
(A
11
va
1u
es
ar
e
in
me
tr
ic
to
nn
es
/y
ea
r)
MI
CH
IG
AN
ON
TA
RI
O
TO
TA
LS
Direct Industria1
Di
sc
ha
rg
e
,
2
1
3
Direct Municipa1
Di
sc
ha
rg
e
18
12
3
14
1
Tributary:
Mo
ni
to
re
d
77
6
86
3
1,
63
8
(s
ta
nd
ar
d
er
ro
r)
(1
18
)
(5
2)
(1
29
)
Su
bt
ot
a1
s
79
6
98
7
1,
78
2
At
mo
sp
he
ri
c
61
31
(s
ta
nd
ar
d
er
ro
r)
(1
32
)
Tributary:
Adjustment for
Un
mo
ni
to
re
d
Ar
ea
Un
it
ed
St
at
es
15
4,
Ca
na
da
27
6
42
9
(s
ta
nd
ar
d
er
ro
r)
2
(6
2)
(1
8)
(6
4)
 
TO
TA
L
2,
82
4
In
pu
ts
fr
om
La
ke
Su
pe
ri
or
an
d
La
ke
Mi
ch
ig
an
ar
e
es
ti
ma
te
d
at
40
2
an
d
25
5,
re
sp
ec
ti
ve
1y
65
7a
To
ta
1
es
ti
ma
te
d
in
pu
t
to
La
ke
Hu
ro
n
3,
48
1
Ta
rg
et
Lo
ad
,
An
ne
x
3,
19
78
Gr
ea
t
La
ke
s
Wa
te
r
Qu
a1
it
y
Ag
re
em
en
t
4,
36
0
To
ta
1s
ma
y
no
t
su
m
du
e
to
ro
un
di
ng
.
1U
.S
.
at
mo
sp
he
ri
c
es
ti
ma
te
s
co
mb
in
e
19
81
an
d
19
82
da
ta
,
bu
t
ar
e
pr
ed
om
in
an
t1
y
made from 1981 data.
2S
ta
nd
ar
d
er
ro
rs
ca
1c
u1
at
ed
fr
om
tr
ib
ut
ar
y
1o
ad
in
g
es
ti
ma
te
s
us
ed
in
ma
ki
ng
adjustments.
3U
pp
er
La
ke
s
Re
fe
re
nc
e
Gr
ou
p
19
74
-1
97
5
es
ti
ma
te
s.
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TABLE 5.0-5
SUMMARY OF 1981 ESTIMATED PHOSPHORUS LOADING DATA
TO LAKE ERIE
(A11 va1ues are in metric tonnes/year)
   
MICHIGAN OHIO PENNSYL" NEW YORK ONTARIO TOTALS
VANIA
Direct Industria1
Discharge 27 2 2 0 25 55
Direct Municipa1
Discharge 1,125 530 80 38 69 1,843
Tributary:
Monitored 306 3,939 - 260 1,077 5,582
(standard error) (25) (412) .__; (96) (45) (426)
Subtota1s 1,458 4,471 82 298 1,171 7,480
Atmospheric 7291
(standard error) (371)
Tributary:
Ad
ju
st
me
nt
fo
r
I
Unm
oni
tor
ed
Are
a
Uni
ted
Sta
tes
939
,
Can
ada
224
1,1
63
(s
ta
nd
ar
d
er
ro
r)
2
(1
08
)
(9)
__
(1
99
1
TO
TA
L
9,
37
2
Es
ti
ma
te
d
in
pu
t3
fr
om
La
ke
Hu
ro
n
1,
08
0
To
ta
1
es
ti
ma
te
d
in
pu
t
to
La
ke
Er
ie
10
,4
52
Ta
rg
et
Lo
ad
,
An
ne
x
3,
19
78
Gr
ea
t
La
ke
s
Ma
te
r
Qu
a1
it
y
Ag
re
em
en
t
11
,0
00
Tota1s may not sum due to rounding.
1U
.S
.
at
mo
sp
he
ri
c
es
ti
ma
te
s
co
mb
in
e
19
81
an
d
19
82
da
ta
,
bu
t
ar
e
pr
ed
om
in
an
t1
y
made from 1981 data.
2S
ta
nd
ar
d
er
ro
rs
ca
1c
u1
at
ed
fr
an
tr
ib
ut
ar
y
1o
ad
in
g
es
ti
ma
te
s
us
ed
in
ma
ki
ng
adjustments.
3U
pp
er
La
ke
s
Re
fe
re
nc
e
Gr
ou
p
19
74
-1
97
5
es
ti
ma
te
s.
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TABLE 5.0—6
SUMMARY OF 1981 ESTIMATED PHOSPHORUS LOADING DATA
T0 LAKE ONTARIO
(A11 va1ues are in metric tonnes/year)
  
NEW YORK ONTARIO TOTALS
Dire
ct
Indu
stri
a1
Disc
harg
e
3O
32
62
Dir
ect
Mun
ici
pa1
Dis
cha
rge
813
942
1,7
56
Tributary:
Mon
ito
red
898
924
1,8
221
(st
and
ard
err
or)
(53)
(59)
(79)
Sub
tot
a1s
1,7
41
1,8
98
3,6
40
Atm
osp
her
ic
328
2
(st
and
ard
err
or)
(17
1)
Tributary:
Adjustment for
Unm
oni
tor
ed
Are
a
Uni
ted
Sta
tes
332
,
Can
ada
281
613
(st
and
ard
err
or)
3
(37
)
(24
)
(44
)
TO
TA
L
4,
58
1
Es
ti
ma
te
d
inp
ut“
fr
om
La
ke
Er
ie
2,
85
6
To
ta
1
es
ti
ma
te
d
in
put
to
La
ke
On
ta
ri
o
7,4
371
]
Tar
get
Loa
d,
Ann
ex
3,
197
8 G
rea
t
Lak
es
Wat
er
Qua
1it
y
Agr
eem
ent
7,0
00
 
Tota1s may not sum due to rounding.
1Inc1udes Buffa1o River.
2Canadian data.
3St
and
ard
err
ors
ca1
cu1
ate
d
fro
m
tri
but
ary
1oa
din
g
est
ima
tes
use
d
in
mak
ing
adjustments.
l'T
his
est
ima
te
is
der
ive
d
fro
m
ext
ens
ive
sam
p1i
ng
dat
a
at
the
mou
th
of
the
Ni
ag
ar
a
Ri
ve
r,
an
d
ad
ju
st
ed
by
su
bt
ra
ct
io
n
of
es
ti
ma
te
d
tr
ib
ut
ar
y
1o
ad
in
gs
an
d
re
po
rt
ed
mu
ni
ci
pa
1
an
d
in
du
st
ri
a1
di
sc
ha
rg
es
to
the
Ni
ag
ar
a.
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TABLE 5.0-7
SUWIARY
OF
1981
ESTIMATED
PHOSPHCRUS
LOADING
DATA
TO THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER
(A11 va1ues are in metric tonnes/year)
  
NEW YORK ONTARIO TOTALS
Direct Industria1
Discharge O 36 36
Direct Municipa1
Discharge 131 71 202
Tributary:
Monitored 79 51 129
(standard error) (8) (10) (13)
Subtota1s 210 158 367
Tributary:
Adjustment for
Unmonitored Area United States 84 Canada 35 119
(standard error)2 (95 (7) (11)
TOTAL 486
From Lake Ontario1 2,765
(standard error) (92)
Tota1 estimated input to the internationa1 portion of the
St. Lawrence River 3,251
1Based on samp1ing of the St. Lawrence River near Kingston, Ontario.
2Standard errors ca1cu1ated from tributary 1oading estimates used in making
adjustments.
— 113 -
 SUMARY OF 1982 ESTIMATED ATMOSPHERIC, INDUSTRIAL,
TABLE 5.0-8
MUNICIPAL AND TRIBUTARY PHOSPHORUS LOADING DATA TO THE GREAT LAKES
(A11 va1ues are in metric tonnes/year)
ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE TOTAL
RIVER
Atmospheric1 653 306 1,174 660 600 3,393
(standard error) (186) (47) (359) (135) (223) (483)
Direct Industria1
Discharge 33 53 5 67 54 27 239
Direct Municipa1
Discharge 128 246 113 1,388 1,589 190 3,654
Tributary:
Monitored 1,338 2,808 1,921 7,483 2,5812 232 16,362
(standard error) (87) (239) (140) (197) (84) (68) (367)
Adjustment for
Unmonitored Area 1,008 671 819 1,671 737 232 5,138
(standard error)3 (227) (62) (162) (103) (261) (73) (407)
Within 1ake
Tota1s 3,160 4,084 4,032 11,269 5,561 681 28,786
From Connecting
Channe1$ — — 657 1,080 3,330 3,162
TOTA
LS
3,16
0
4,08
4
4,68
9
12,3
49
8,89
1
3,84
3
Target Loads“ 3,400 5,600 4,360 11,000 7,000
Tota1s may not sum due to rounding.
1U.S. atmospheric estimates combine 1981 and 1982 data, but are predominantTy
made from 1981 data.
2Inc1udes Buffa1o River.
3Standard errors ca1cu1ated from tributary Toading estimates used in making
adjustments.
I’Annex 3, 1978 Water QuaTity Agreement.
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 TABLE 5.0-9
SUM’IARY
OF
1982
ESTIMATED
PHOSPHORUS
LOADING
DATA
T0 LAKE SUPERIOR
(A11
va1ues
are
in
metric
tonnes/year)
MINNESOTA
WISCONSIN
MICHIGAN
ONTARIO
TOTALS
Direct Industria1
Discharge
Direct Municipa1
Discharge
Tributary:
Monitored
(standard error)
 
SubtotaTS
Atmospheric
(standard error)
Tributary:
Adjustment for
Unmonitored Area United States 806, Canada 202
(standard error)2 (227) (13)
TOTAL
Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement
Tota1s may notsum due to rounding.
1U.S. atmOSpheric estimates combine 1981 and 1982 data, but are predominant1y
made from 1981 data.
2Standard errors ca1cu1ated from tributary 1oading estimates used in making
adjustments.
 TABLE 5.0-10
SU
NM
AR
Y
OF
19
82
ES
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TABLE 5.0-11
SUMWARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA
T0 LAKE HURON
(A11 va1ues are in metric tonnes/year)
 
 
 
 
MICHIGAN ONTARIO TOTALS
Direct Industria1
Discharge 5 0 5
Direct Municipal
Discharge 26 86 113
Tributary:
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TABLE 5.0-13
SUMMARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA
TO LAKE ONTARIO
(A11 va1ues are in metric tonnes/year)
 
NEW YORK ONTARIO TOTALS
Direct Industria1 Discharge 29 25 54
Direct Municipa1 Discharge 732 857 1,589
Tributary:
Monitored 1,270 1,311 2,5811
(standard error) (66) (51) (84)
Subtota1s 2,031 2,193 4,224
Atmospheric 6002
(standard error) (223)
Tributary:
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 TABLE 5.0-14
SUNMARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA
TO THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER
(A11 va1ues are in metric tonnes/year)
NEW YORK ONTARIO TOTALS
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 6.
Surveillance
Activities
Initiatives
In
this
section,
the
Surveillance
Work
Group
presents
initiatives
that
it
believes
may
modify
future
surveillance
activities.
While
these
activities
do
not
in
themselves
constitute
guarantees
for
more
efficient
surveillance
programs,
they
do
represent
significant
achievements
in
aiding
the
Work
Group
toward meeting
its
mandate
to
continually
review
existing
programs
or methods
of accomplishing
the
goals
outlined
in Annex
ll
and
l2
of the
1978 Water
Quality Agreement.
BIOLOGICAL MONITORING RESEARCH PROGRAM
Over the last decade there has been a scientific
debate concerning the
appropriate number of sampling sites and the frequency with which those sites
must be sampled in order to sufficiently describe the chemistry of a
particular water body thus allowing for accurate assessment of man's impact.
The Surveillance Work Group (SWG) has heard from many scientists the
advantages and disadvantages of performing surveillance at a few sites with
frequent collection versus numeroussites collected infrequently. Still
another faction of science claims that monitoring the biological community
structure gives a more accurate and sensitive measure of lake behavior in
terms of assessing the effects of various abatement prograns.
In conjunction with the 1981-82 Lake Ontario intensive survey, the Great
Lakes Fisheries Research Branch (GLFRB) at the Canada Centre for Inland Waters
(CCIW) implemented a program with the purpose of supplementing the GLISP
related program with data from a limited number of sites collected on a weekly
basis during the ice free period (see Figure 6-l). In addition to collecting
and analyzing chemical and physical attributes of the water column, the
research program has collected and will analyze in a detailed manner the
biological community at the selected sites.
This year marks the culmination of the GLFRB three year effort and some
preliminary findings suggest that there are differences between the data
emanating from this program and that from the intensive study. The
significance of these differences may have a bearing on future surveillance
activities. Therefore, the SWG looks forward to the complete data
interpretation of this effort with the hope that many questions will be
answered.
LAKE AND CONNECTING CHANNEL TASK FORCES
Based on a Surveillance Work Group review of the GLISP, the Water Quality
Board reported last year that it was considering a proposal to ensure that
requisite annual binational planning and implementation of surveillance
activities occur in a timely manner. The Surveillance Work Group and the
Water Quality Board also anticipated a need for providing a basis for
allocating sufficient funds to implement scientifically sound programs.
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 Subsequent1y, the Water Qua1ity Board approved the Terms of Reference for
estab1ishing five 1akes and two connecting channe1s task forces.
To assure that the anticipated work p1ans wou1d be effective in
inf1uencing the budgeting process, it was necessary to ask that the task
forces initia11y produce a three-year p1an to commence in fie1d year 1984.
The expected three one-year p1ans were required in order to coincide with the
United States federa1 budgetary process whereby financia1 requests for 1986
activities must be submitted prior to January 1, 1984.
The work p1ans for 1984 and 1985 wi11 be used, where appropriate, to
re-program a11ocations for 1984 and 1985 or where financia1 needs exceed
resources, the p1ans wi11 be used as supporting documentation for additiona1
financia1 request. As mentioned, the 1986 p1an wi11 be used as a guide1ine
and justification for the budget request which is required by the
administration on January 1984. The p1ans are expected to have an identica1
impact on the Canadian process as effected through the Canada-Ontario
Agreement.
In addition to the task of designing future survei11ance p1ans, the terms
of reference for the task forces specify two other major areas of activity
inc1uding, compi1ation of previous findings and coordination of on-going
activities. In tota1, the task forces functions wi11 be scrutinized by the
Survei11ance Work Group to assure that such activities are within the scope of
the Water Qua1ity Agreement.
The Survei11ance Work Group reports that the task forces were formed and
have
had
seve
ra1
meet
ings
to d
ate.
The
Surv
ei11
ance
Work
Grou
p is
opti
mist
ic
that the task forces wi11 meet their target date for submitting their annua1
work p1ans in a manner consistent with t eir terms of reference.
TUMOR MONITORING
Research in aquatic toxico1ogy indicates that many of the substances of
anthropogenic origin found in the Great Lakes ecosystem have the potent1a1,
through 1ong—term, 10w 1eve1 exposure, to produce chronic adverse effects on
fish and wi1d1ife. Inc1uded in these impacts are disruption of phy51o1ogica1
and biochemica1 function and non-adaptive patho1ogica1 changes.
Grea
t La
kes
biot
a ar
e ex
pose
d to
a 1a
rge
numb
er a
nd v
arie
ty o
f su
bsta
nces
under changing environmenta1 conditions. Indeed, the Appendix E of the 1983
Wat
er
Qua
1it
y B
oar
d R
epo
rt
1is
ts
ove
r 8
00
com
pou
nds
tha
t a
re
pre
sen
t1y
fou
nd
in some component of the Great Lakes ecosystem. The prospect of generating
toxi
co1o
gica
1 d
ata
for
each
of t
hese
chem
ica1
s is
over
whe1
ming
and
c1ea
r1y
impracticaT if a11 chemicaI and species interactions are to be considered.
Lab
ora
tor
y i
ndu
cti
on
stu
die
s c
1ea
r1y
ind
ica
te
tha
t c
ert
ain
che
mic
a1s
are
carcinogenic to fish. These chemica1s may be responsibTe for the occurrence
of
neo
p1a
sti
c a
nd
non
-ne
op1
ast
ic
1es
ion
s i
n G
rea
t L
ake
s f
ish.
Fre
shw
ate
r f
ish
hea1th monitoring programs indicate that severa1 species of Great Lakes fish
hav
e e
1ev
ate
d f
req
uen
cie
s o
f p
ath
o1o
gic
a1
ano
ma1
ies
.
The
mos
t c
omm
on1
y f
oun
d
anoma1ies inc1ude; epiderma1 papi11omas on white suckers (Catostomus
com
mer
son
i)
and
bro
wn
bu1
1he
ad
(Ic
ta1
uru
s n
ebu
Tos
us)
, g
onad
al
tum
ors
on
car
p
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 (Cyprinis carpio) and yeTiow perch (Perca fiavescens), Tiver tumors on brown
bullﬁeaa and thyroid hyperpiasia on coho salmon (Oncorhynchus kisutch). The
etioTogy of these tumors is unknown, but it appears that fish inhabiting
waters contaminated with industriaT anddomestic wastewater show an increased
prev
aien
ce o
f tu
mors
, s
keie
taT
defo
rmit
ies
and
fin
rot.
Thes
e fi
ndin
gs a
re
supported by empiricai observation in the Great Lakes, whereby 35% of
three-year 01d brown buiihead from the BTack River, Ohio were affected by
cieariy observabie liver tumors. This figure may be a conservative estimate
as histoTogicai anaiyses indicate that upwards of 90% of these fish are
affected. The river sediments where these fish were coiiected are
contaminated with high concentrations of poiynuciear aromatic hydrocarbons
(see Chapter 3 of this report). The reiationship between tumor induction and
PAH exposure was demonstrated in Taboratory studies which induced epidermai
hyperpiasia and papiiiomas by repeated appTication of PAH contaminated
sediment extracts from the Buffaio River, New York. In a survey of white
sucker papiiTomas, Canadian nearshore investigations in Lakes Huron and
Ontario demonstrate that these fish show eievated papiTToma frequencies in
geographicaiiy separate areas (Figure 6-2). These data may have utiiity as an
indicator of contaminated sites.
 
Aithough there is as yet no conciusive evidence confirming the roTe of
ambient chemicaT carcinogens in wiid fish populations, there is increasing
data indicating that Great Lakes fish are responding to chemicai exposure and
that a systematic fish heaTth surveiiiance program wouid provide an earTy
warning mechanism to identify sites and species impacted by chemicai stress.
The Surveiiiance Work Group is interested in additionai advances from these
ongoing programs as they show promise of inciusion into the existing
surveiiiance network for measuring the success of or need for abatement
programs. This type of monitoring, if acceptabie, coqu provide an
appropriate Tink between contaminated environments and bioiogicaT responses.
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FIGURE 6-2
Prevalence of lip papillomas in white
suckers from Lakes Huron and
On
ta
ri
o
as
th
e
pe
rc
en
t
of
tot
al
ma
le
and female fish greater than 40 cm
in fork length collected by
electrofishing during spring
spawning runs for the years 1981
th
ro
ug
h
19
83
.
“N
”
eq
ua
ls
nu
mb
er
of
fish collected.
Data Source: Department of Fisheries and
Oceans, Burlington, Ontario.
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